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INTRODUCTION 

Ovulatory disorders are a common cause of subfertility. The World Health 

Organization (WHO) has provided a classification for ovulation disorders 

according to the hypothalamic, pituitary and ovarian axis. The largest WHO 

group consists of women with WHO II anovulation, which includes women 

with normo-gonadotropic, normo-oestrogenic anovulation. Polycystic ovary 

syndrome (PCOS) is the most frequent cause of WHO II subfertility affecting 6 

to10% of women of reproductive age (1,2,3). In 1935 Stein and Leventhal were the 

first to describe the combination of polycystic ovaries, seen at laparotomy, and 

menstrual irregularity, including oligo- and amenorrhoea, a history of sterility, 

masculine type hirsutism, and less consistently, retarded breast development 

and obesity, later termed PCOS (4). Over the years many theories have been 

formulated about the aetiology of PCOS, but the exact cause is still unknown. 

One of the first theories described mechanical crowding of the cortex by cysts, 

which interferes with the progress of normal Graafian follicles to the surface of 

the ovaries. As underlying mechanisms chronic inflammation, incomplete coitus, 

masturbation, suppression of menstruation from a cold or mental trauma have all 

been suggested, indicative of the elusiveness of the syndrome (5). In the 1970’s 

several investigators directed attention at genetic causes (6,7). Nowadays PCOS 

is seen as a multifactorial disorder with genetic, congenital and environmental 

origins causing dysregulation of steroidogenesis (8,9).

Diagnostic criteria for PCOS have been proposed  from the late twentieth 

century. The first international conference on PCOS was held in 1990 and on 

this initial meeting, the National Institutes of Health (NIH) formulated the first 

criteria to diagnose women with PCOS, which were based on clinical and/or 

biochemical evidence of hyperandrogenism and chronic anovulation and 

exclusion of other known disorders (10). From that time onwards the diagnosis 

PCOS in North America was mainly based on endocrine parameters such as 

elevated testosterone and LH serum levels and associated clinical parameters 

like the presence of acne, while in Europe PCOS was diagnosed more and more 

based on ultrasound criteria, with the presence of more than twelve antral 

follicles in each ovary measuring 2 to 9 mm in diameter and / or an increased 

ovarian volume > 10 ml (11,12). In an attempt to achieve a worldwide accepted 

definition of PCOS, a consensus meeting was organized in 2003 in Rotterdam. 
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PCOS was then defined as a heterogeneous condition characterised by oligo-

ovulation or anovulation as well as clinical or biochemical hyperandrogenism 

or the sonographic presence of polycystic ovaries. Two of these three 

characteristics are necessary to diagnose PCOS.  

Subfertility due to chronic anovulation is the most common reason for women 

to seek counseling or treatment. Methods for induction of ovulation in women 

with PCOS have changed tremendously over the years. Stein and Leventhal 

performed large biopsies of the ovaries for histopathological studies. They 

found that menses became regular after these biopsies and the birth of healthy 

children was described. Surgical ovarian wedge resection was thereby the first 

effective treatment for anovulatory PCOS patients (13). With this technique 

regular menstrual cycles were established in around 80% of women with a 

mean pregnancy rate of 63% (14). 

The first medical treatment option for ovulation induction for women with 

PCOS was described in 1958. The non steroidal anti-estrogen MER 25 was found 

to induce menstruation in an amenorrhoeic woman receiving experimental 

treatment for endometrial cancer. One year later, 43 anovulatory women were 

treated with another anti-oestrogen, clomiphene citrate, which resulted in 

ovulation (15). The introduction of clomiphene citrate in the 1960’s created 

a new and effective method that was patient-friendly as it did not require a 

surgical intervention (16).

Already in 1927 the dependence of the ovarian function of gonadotrophins 

secreted from the pituitary was published (17) but it lasted till the 1960’s that 

gonadotrophins were used for ovulation induction. In that period various 

methods were explored to isolate gonadotrophins for ovulation induction. 

In the 1930’s the isolation of pregnant mare serum gonadotrophins was 

described and in 1945 Hamblen and Davis showed that administration led 

to ovulation (18,19). However, these gonadotrophins induced antigenic 

responses and pregnancy rates were disappointing, so clinical use was 

abandoned. In 1958 Gemzell reported the successful induction of ovulation 

with gonadotrophins derived from human pituitary glands removed at autopsy 

(20). The breakthrough came in the 1960’s when Donini described ovulation and 

pregnancy with gonadotrophins extracted from the urine of postmenopausal 
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women (21). Since that first description, gonadotrophins have taken a central 

role in ovulation induction. These initially crude preparations contained 

FSH and LH and some urinary proteins. The urinary proteins caused adverse 

reactions and the presence of LH was thought to have a negative influence on 

folliculogenesis (22,23,24). The refinement of the initially crude preparations 

resulted in the availability of purified and later highly purified gonadotrophins 

containing hardly any contaminating proteins and less LH. By transfecting a 

Chinese hamster ovary cell line with FSH genes, recombinant gonadotrophins 

could be produced with high batch to batch consistency and was introduced 

in clinical practice in 1992 (25).

Ovarian wedge resection was abandoned because of the high incidence of 

adhesion formation and the introduction of medical treatment for ovulation 

induction. A minimal invasive surgical technique became available when 

laparoscopic ovarian biopsy was introduced by Palmer and De Brux in France 

and Steptoe in Great Britain, both in 1967(26,27). This did not result in new 

interest for surgical treatment for women with ovulation disorders, probably 

because laparoscopy was not common practice in these days (28). In 1984 the 

first study was published including sixty-two women with polycystic ovarian 

syndrome who were treated by systematic electrocautery of the ovarian capsule 

performed by laparoscopy. Ovulation within three months after laparoscopy 

was reported in 91% of them (29). The mechanism behind the reversal of 

endocrinological dysfunction after ovarian surgery remains unclear. Originally, 

the removal of a mechanical barrier was postulated (30). Later increased 

blood flow to the ovaries, resulting in increased delivery of gonadotrophins 

was an assumed mechanism (31). Also reduction of androgen levels after 

ovarian surgery, which causes lower peripheral aromatization to estrogens or 

an increased insulin-like growth factor-I production or reduced inhibin level, 

which interacts with follicle stimulating hormone and results in follicular 

development may play a role in restoration of ovulation after ovarian surgery 

(32). Whatever the mechanism may be, it is clear that damage to the ovary 

restores the menstrual cycle. In the original technique an unipolar electrode was 

used and with a power output of 200-300 Watts the electrode was pressed for 

2 to 4 seconds against the ovary to penetrate the ovarian surface. The number 

of points cauterised varied between three to eight lesions in each ovary. The 

risk of unipolar electrocautery is damage to adjacent organs, specifically the 
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bowel. One case report described ovarian atrophy after unipolar electrocautery 

possibly due to cauterizing the ovarian hilum where the blood supply enters 

the ovary (33). Also the need to individualise the number of points of injury and 

maximum energy according to the size of the ovary became more apparent. 

From that time on various techniques were evaluated to cauterise the ovary 

to gain a regular menstrual cycle and avoid additional or extensive damage. 

Most applied techniques are laser vaporisation and bipolar coagulation. These 

techniques provide controlled power density, desired depth of penetration 

and predictable thermodamage of surrounding tissues. 

Meanwhile, as clomiphene citrate and gonadotrophins were used as 

established methods for ovulation induction in women with PCOS, new ideas 

developed on how to induce ovulation and improve pregnancy rates. Evidence 

for the association between insulin resistance and anovulation led in the late 

1980s to the novel and promising therapy of administering insulin-sensitizing 

drugs. Within the frame of the hyperinsulinic state the goal was to explore the 

effect of insulin sensitizing drugs in women with PCOS to restore ovulation and 

enhance pregnancy rates. Insulin sensitizing drugs enhance insulin sensitivity 

in both the liver, where they inhibit hepatic glucose production, and in 

peripheral tissue where they increase glucose uptake and utilization in muscle 

tissue. Of these insulin sensitizing drugs, metformin has been the one studied 

most widely (34). The use of metformin in PCOS was first reported in 1994, in a 

small study conducted at the University of the Andes, Venezuela (35). In total 

26 women with anovulation were included and treated with metformin for 

eight weeks. Three pregnancies occurred and another seven women gained a 

regular menstrual cycle.

Nowadays first-line treatment is still ovulation induction with clomiphene 

citrate, which restores ovulation in almost 80% of women and results in 

pregnancy in 50% of all women with PCOS (36). When ovulation induction 

with clomiphene citrate does not result in a pregnancy, second-line treatments 

are ovulation induction with urinary or recombinant gonadotrophins (36) 

or laparoscopic electrocautery of the ovaries. When comparing the efficacy 

of urinary and recombinant gonadotrophins for induction of ovulation in 

anovulatory women no differences were found between treatment strategies 

in pregnancy outcomes and safety (37,38,39,40). A comparison of laparoscopic 
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electrocautery of the ovaries and ovulation induction with gonadotrophins 

revealed that strategies were equally effective in terms of pregnancy rates, but 

the risk of multiple pregnancies was lower in the group of women who had 

laparoscopic electrocautery of the ovaries (41).

Metformin added to clomiphene citrate used for ovulation induction has been 

associated with improved clinical pregnancy rates, but there is no evidence that 

metformin improves live birth rates (42). Metformin was also associated with 

a significantly higher incidence of gastrointestinal disturbances than placebo 

(43).  Metformin treatment before or during in vitro fertilisation (IVF) and 

intracytoplasmic sperm injection (ICSI) treatment cycles appears to reduce the 

risk of developing ovarian hyperstimulation syndrome (OHSS) (44).  Metformin 

might reduce the risk of OHSS by decreasing serum insulin levels leading to a 

consequent reduction in the production of VEGF (45).

Background of the research described in this thesis 

In 2009, when we started the studies leading to this thesis, several issues on 

fertility work-up and treatment strategies in women with PCOS remained 

unanswered. 

Women presenting with subfertility start with a fertility work-up to calculate 

the probability of pregnancy and to identify causal factors for their subfertility. 

However clinicians should be aware that anovulatory women are a different 

population compared to ovulatory subfertile women who have had pregnancy 

chances for at least one year and as such may need a different work-up. 

The Dutch guidelines, the National Institute for Health and Clinical Excellence 

guidelines and the American Society for Reproductive Medicine (ASRM) 

recommend a semen analysis for subfertile women with an- or oligo-ovulation. 

The ASRM also advises to a hysterosalpingography before start of treatment in 

women above 35 years of age when clinical history raises suspicion of tubal or 

uterine pathology and a hysterosalpingography in all other women after three 

to six ovulatory cycles without conception, but these recommendations are 

not based upon solid evidence (46,47). 
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Ovulation induction with clomiphene citrate is an established first-line 

treatment. Clomiphene citrate has anti-oestrogenic properties and could 

therefore have a negative effect on the production of the cervical mucus 

(48,49,50). With only one study prospectively evaluating the results of the 

postcoital test in anovulatory women it remains unknown if an abnormal 

postcoital test result decreases the probability of pregnancy (51). Some 

have argued that it seems logical that cervical hostility can be treated with 

intrauterine inseminations, which bypasses the hostile cervical mucus by 

directly depositing sperm into the uterine cavity, while others have argued 

that the anti-oestrogenic effects could be overcome by switching treatment 

to ovulation induction with gonadotrophins (52,53). It is unknown what the 

effect of a negative result of the postcoital test is on pregnancy rates and 

time to pregnancy in women with PCOS. If a negative postcoital test has any 

effect, then the question should be answered whether a switch in ovulation 

induction medication is necessary or other techniques such as intra-uterine 

inseminations are advised. If there is no influence on the pregnancy chances 

there is no need to do a postcoital test or to change treatment. Switching 

treatment might only provoke additional burden and costs. In view of this lack 

of knowledge we performed a prospective follow-up study to evaluate the 

relationship between postcoital test results and achievement of an ongoing 

pregnancy after ovulation induction with clomiphene citrate in women with 

WHO II anovulation. 

When women do not ovulate or do not get pregnant with clomiphene 

citrate, one might start ovulation induction with gonadotrophins. The 

latest Cochrane review comparing recombinant versus urinary derived 

gonadotrophins for ovulation induction in women who fail to ovulate or 

get pregnant with clomiphene citrate was published in 2001. We performed 

a meta-analysis to evaluate the most recent data on efficacy, safety and 

patient acceptability comparing ovulation induction with recombinant versus 

urinary gonadotrophins in women with PCOS. Although metformin is not 

applied concurrently with gonadotrophins, its effects on pregnancy rate and 

complication rate, like OHSS, might in theory be beneficial. We thus evaluated 

the effects of addition of metformin to gonadotrophins for ovulation induction 

in women with PCOS. 
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When anovulatory women ovulate after clomiphene citrate, but do not 

conceive after six cycles, another clinical problem occurs, that is not answered 

in the guidelines. There are various treatment options. On one hand, women 

may continue to use clomiphene citrate for another six cycles. On the other 

hand, they may switch to ovulation induction with gonadotrophins. Both types 

of ovulation induction may involve coitus or may be combined with intra-

uterine insemination. However, data on cost and effectiveness of these options 

are lacking. Pregnancy rates with gonadotrophins or addition of intra-uterine 

inseminations may be higher than with clomiphene citrate in women that do 

not conceive after six ovulatory cycles on clomiphene citrate. The downside 

is that treatment with gonadotrophins has major disadvantages. It implies 

daily injections of expensive gonadotrophins combined with ultrasound 

monitoring of follicular growth and development. Multifollicular development 

is not uncommon, despite careful dose adjustment and monitoring, due to 

the nature of PCOS. Extra costs are generated because treatment cycles often 

have to be cancelled to minimize the risks of multiple pregnancies and, more 

rarely, of ovarian hyper stimulation syndrome (54). Addition of intra-uterine 

inseminations requires semen processing and extra hospital visits and is 

therefore much more expensive than coitus. We developed a protocol for a 

randomised controlled trial to investigate whether extended treatment with 

clomiphene citrate, compared to treatment with gonadotrophins and / or intra-

uterine insemination is a cost effectiveness treatment in women with PCOS 

who had six ovulatory cycles with clomiphene citrate, but did not conceive.

The importance of long-term effectiveness, costs and safety is often 

overlooked in choosing the best treatment. Long-term data on the impact 

of laparoscopic electrocautery on pregnancy outcome and menstrual cycle 

regularity are limited (55,56,57,58,59). Only two observational follow-up 

studies and one randomised controlled trial reported on pregnancy rates, 

but the number of women included was small, and follow-up was short, 

with many women dropping out of follow-up. We were able to perform a 

ten year follow-up study based on the largest randomized controlled trial 

comparing laparoscopic electrocautery of the ovaries and ovulation induction 

with gonadotrophins in 168 women with Clomiphene citrate resistant PCOS 

(60,61). Eight to twelve years after randomization we performed a follow-up 

study in these women on reproductive outcome and fertility treatment they 
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had needed including data on direct medical costs of pregnancy and delivery. 

Clincial data we compared were live births, miscarriages, ectopic and multiple 

pregnancies, menopause, as well as minimal and maximal menstrual cycle 

length. Pregnancy complications and metabolic or cardiovascular disease at 

long-term were also compared.

We know now that insulin resistance is an important underlying disorder and 

familial factors related to metabolic syndrome seem to be fundamental to the 

pathogenesis of PCOS (61,62). Due to this multifactorial origin with a genetic 

predisposition, women with PCOS have an increased risk for pregnancy 

complications like gestational diabetes and hypertensive disorders during 

pregnancy and metabolic and cardiovascular disease (63,64). We evaluated 

the long-term influence of laparoscopic electrocautery of the ovaries versus 

ovulation induction with gonadotrophins on these metabolic disorders. 

Outline of this thesis

Chapter 2 systematically reviews the literature on the role of a fertility work-up 

including semen analysis and tubal patency testing in women with PCOS. We 

describe the evidence on the prevalence of abnormalities and the association 

between a test result and the chance for pregnancy. 

Chapter 3 presents a prospective follow-up study, which was performed 

to assess the prognostic value for pregnancy of the postcoital test in WHO II 

anovulatory women, ovulatory with clomiphene citrate. A postcoital test was 

performed in one of the first three ovulatory cycles in women with treated 

with clomiphene citrate. Independent of its result, ovulation induction 

with clomiphene citrate was continued for at least six ovulatory cycles and 

pregnancy rate and time to conception were compared.

Chapter 4 systematically reviews the literature in which recombinant 

gonadotrophins was compared to urinary gonadotrophins for ovulation 

induction in women with PCOS. Ovulation rate, pregnancy outcomes, 

unintended effects and cost-related effects are reported.
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Chapter 5 provides a Cochrane systematic review to evaluate the efficacy of 

the use of metformin in ovulation induction with gonadotrophins in women 

with PCOS. Included were women who did not become pregnant after 

becoming ovulatory with clomiphene citrate and women with clomiphene 

citrate-resistance. 

Chapter 6 presents the protocol of a multicenter randomised controlled 

study aiming to investigate whether extended treatment with clomiphene 

citrate, compared to treatment with gonadotrophins and / or intra-uterine 

insemination is the most cost effectiveness treatment in women with PCOS 

who had six ovulatory cycles after clomiphene citrate, but did not conceive.

Chapter 7 reports on a long-term follow-up study of a randomised clinical trial 

that compared the effectiveness of laparoscopic electrocautery of the ovaries 

and ovulation induction with gonadotrophins in clomiphene citrate-resistant 

women with PCOS. This trial was performed in 29 Dutch hospitals between 

1998 and 2001. A decade after randomisation we report on reproductive 

outcome, treatment, pregnancy complications and menstrual cycle regularity.   

Chapter 8 reports the long-term economic evaluation of laparoscopic 

electrocautery of the ovaries compared to ovulation induction with 

gonadotrophins in clomiphene citrate-resistant women with PCOS using data 

of the randomised controlled trial as described in chapter seven. Data on used 

resources and pregnancy outcome were collected and costs for both treatment 

modalities were calculated. A scenario analysis was done to estimate the costs 

of ovulation induction with gonadotrophins without a preceding laparoscopy.  

Chapter 9 documents the incidence of metabolic disease in women with PCOS 

who were treated with laparoscopic electrocautery of the ovaries compared to 

ovulation induction with gonadotrophins. A decade after randomisation in the 

trial as described in chapter seven we evaluated the incidence of pregnancy 

complications like gestational diabetes, hypertensive disorders and metabolic 

or cardiovascular disease for these women. 

Chapter 10 presents the summary of this thesis and provides suggestions for 

future research. 
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ABSTRACT

Objective: To summarize the evidence for the use of commonly accepted 

fertility tests in subfertile women with ovulation problems. 

Design: Systematic review. 

Setting: Not applicable.

Patients: The study population included women starting with clomiphene 

citrate (CC) as first-line treatment, women starting with second-line treatment 

if CC failed to result in pregnancy and women starting with second-line 

treatment if CC failed to result in ovulation (CC resistant).

Interventions: Performance of a semen analysis or tubal patency test before or 

during treatment. 

Main outcome measures: Prevalence of abnormal tests as well as the diagnostic 

and prognostic performance of these tests.

Results:  Four studies reported on 3,017 women starting with CC as first-line 

treatment. The prevalence of male factor infertility was 10% and in 0.3 % of 

couples azoospermia was found (two studies). Semen parameters were not 

associated with pregnancy chance (one study). The prevalence of bilateral tubal 

disease was 4% (2 studies). Three studies reported on 462 women starting with 

second-line treatment if CC failed to result in pregnancy. Semen parameters 

were not predictive for pregnancy (one study). The prevalence of bilateral tubal 

disease in these women was 8% (three studies). Two studies reported on 168 

CC-resistant women and total motile sperm count did not predict live birth 

(two studies). For all other outcomes no studies were available.

Conclusion: Data on the basic fertility workup in subfertile women with 

anovulation are scarce. Based on the available data, the workup should contain 

a semen analysis, and, for women who need to start second-line treatment if 

CC failed to result in pregnancy or women with CC resistance, assessment of 

tubal patency.
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INTRODUCTION

Most cases of anovulatory subfertility are caused by polycystic ovary syndrome 

(PCOS). The first-line treatment in these women is ovulation induction with 

clomiphene citrate (CC), which will restore ovulation in almost 80% and will 

result in pregnancy in 50% of all women (1). Second-line intervention is either 

exogenous gonadotrophins or laparoscopic electrocautery of the ovaries. The 

use of exogenous gonadotrophins is associated with increased chances for 

multiple pregnancy and therefore intense monitoring of ovarian response is 

required. Recommended third-line treatment is IVF (2). Treatment strategies for 

ovulation induction are relatively well defined, but less is known on the optimal 

workup for other fertility reducing factors before starting ovulation induction. 

 

The Dutch guidelines, the National Institute for Health and Clinical Excellence 

guidelines, and the American Society for Reproductive Medicine (ASRM) 

recommend a semen analysis for subfertile women with anovulation or oligo-

ovulation. The ASRM also recommends a hysterosalpingography (HSG) before 

start of treatment in women above 35 years of age when clinical history raises 

suspicion of tubal or uterine pathology and a HSG in all other women after 

three to six ovulatory cycles without conception. However, these guidelines 

are not based on solid evidence. A rational fertility workup in anovulatory 

women can only be developed when we know the prevalence of other causes 

of subfertility, such as male factor, cervical factor or tubal pathology and the 

value of testing for these factors for pregnancy chances in these women. 

 

The aim of this study was to perform a systematic review of the literature to 

identify data on the prevalence of abnormal fertility tests and the association 

of these test results and the chances to conceive in case ovulation occurs. We 

distinguished three groups of women: women starting with CC as first-line of 

treatment, women starting with second-line treatment if CC failed to result in 

pregnancy and CC-resistant women.
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MATERIALS AND METHODS

Search strategy and selection criteria 

To identify all relevant trials we searched the Embase from 1966 and Medline 

databases from 1988 to November 2011. The Cochrane Central Register and 

Web of Science were also searched. Search strategies were carried out based 

on the following terms: polycystic ovary syndrome, AND one of the following 

factors: oligospermia, azoospermia, tubal pathology or hysterosalpingography. 

In addition, references from all relevant articles were checked and hand searches 

of the abstracts of annual meetings of the ASRM and the European Society for 

Human Reproduction and Embryology (ESHRE) were performed. No language 

restrictions were applied. The searches were conducted independently by M.N. 

and M.W.

Definition of outcome measures

Studies were selected if the target population were women with PCOS. The 

definition of PCOS syndrome had to follow the standards of ESHRE / ASRM 

2003 consensus or the criteria used in the article had to be, in retrospect, in 

consensus with the definition. 

We extracted results from all studies found on basic fertility workup performed 

in subfertile women with PCOS. We distinguished three groups of women: 

women starting with CC as first-line treatment, women starting with second-

line treatment if CC failed to result in pregnancy and women starting with 

second-line treatment if CC failed to result in ovulation (CC-resistant women), 

defined as women who did not ovulate with 150 mg of CC for 5 days at the 

beginning of the cycle. 

We were interested in the following tests: semen analysis and tests for tubal 

pathology. In the detected studies, we searched for evidence on the prevalence 

of a male factor infertility, or tubal pathology. Finally, we explored the included 

studies for data on the association between semen parameters or presence of 

tubal pathology and chances to conceive. 

Statistical analysis

We reported prevalence of test abnormalities as well as the prevalence of 

disease for every study. To assess the association between pregnancy chance 

and outcome of a test, we report the association between parameters both for 

25412 Nahuis.indd   28 16-10-13   16:00



The basic fertility work-up in WHO II anovulatory women

29

2

dichotomous and continuous tests. To do so, we present odds ratios (ORs) and 

95% confidence intervals (CIs), as well as P values when appropriate.

RESULTS

The search strategy yielded 218 publications, of which 213 publications were 

excluded as they did not fulfil the selection criteria (Fig. 1). No studies were 

excluded due to language restrictions. Five articles were included (3-7). Two 

additional studies were found by searching the references of the detected 

articles (8,9), and two studies were found by asking experts in the field (10,11). 

Thus, a total of nine studies could be included in this article.

Potentially
relevant articles

n= 218

Trials retrieved for 
evaluation

n= 5

Articles excluded 
not meeting 

inclusion criteria
n= 213

Trials included in 
review
n= 9

Trials found by 
reference lists or by 
experienced in the 

field;
n= 4

Figure 1: trial flow

According to our inclusion criteria, studies should be based on the Rotterdam 

consensus meeting that was published in 2004. No articles were excluded due 

to failure to satisfy these criteria. Although five out of the nine studies were 

published before 2004, these studies fulfil – in retrospect – the Rotterdam 

criteria and were therefore not excluded (3,5,6,8,9). Four studies reported on 
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3,017 women starting with CC as first-line treatment (3,4,7,8), three studies 

reported on 462 women starting with second-line treatment if CC failed to 

result in pregnancy (3,5,9) and two studies reported on 168 women with CC-

resistance (10,11).

The main characteristics of the nine included studies are shown in Table 1. 

Seven prospective cohort studies (3-9) were included and two randomized 

controlled trials (10,11).

Table 1: characteristics of included studies

Study Women Interventions Outcomes

McGovern 
et al., 2007

Prospective cohort study 
of 1,313 women starting 
with CC selected for a 
randomized controlled 
trial. All women attending 
the fertility clinic with 8 or 
fewer menstrual cycles per 
year. Period of inclusion was 
not defined. 

Semen analysis in 
all women, with 
normospermia defined as a 
concentration > 20 million / 
mL in at least one sample. 

Assessment of tubal 
patency at HSG or 
laparoscopy. 

Incidence of oligospermia 
in women starting with CC 

Incidence of bilateral tubal 
blockage in women starting 
with CC.  

Gysler 
et al., 1982

Prospective cohort study 
of 753 women starting 
ovulation induction with CC 
and a child wish attending a 
fertility clinic between 1970 
and 1980. 

A semen analysis in women 
starting with CC, with 
oligospermia defined as a 
sperm density < 20 million/
mL, volume < 2 mL and / or 
motility < 50%. Unknown 
amount of performed 
semen analysis. 

Assessment of tubal 
patency in 182 women who 
fail to get pregnant with CC, 
a HSG or laparoscopy was 
performed.  

Incidence of azoospermia 
and oligospermia in women 
starting with CC.

Tubal pathology at HSG or 
DLS in women ovulatory 
with CC, without pregnancy 

Hammond 
et al., 1983 

Prospective cohort 
study of 159 women 
with oligomenorrhea 
or amenorrhea treated 
with CC for induction of 
ovulation between 1977 
and 1981.

A semen analysis in all 
women who ovulated 
with  CC but did not 
get pregnant, with 
oligospermia defined as 
a TMSC between 10-60 
million.
Assessment of 
tubal patency at 
hysterosalpingography or 
diagnostic laparoscopy. 

Monthly fecundability 
ratios. 

Van 
Tetering 
et al., 2007

Prospective cohort study 
of 711 WHO II anovulatory 
women starting CC, 
between January 2002 and 
December 2004. 

Chlamydia antibody titre 
determined before start of 
treatment. When positive, 
tubal patency testing 
was performed at HSG or 
laparoscopy, when negative 
treatment was started with 
CC. In 169 women with 
a negative CAT a HSG or 
laparoscopy was performed 

Incidence of a positive CAT 
in women starting CC.  

Incidence of bilateral and 
unilateral tubal obstruction. 
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Imani 
et al.,1999

Prospective cohort study of 
160 couples with WHO class 
II anovulation and a TMSC > 
1 million ovulatory after CC, 
between January 1993 and 
January 1998

A semen analysis was 
performed conform the 
WHO II guidelines

Mean(SD) TMSC and OR 
(95% CI) for women who 
conceived compared to 
women who ovulated but 
did not conceive.  

Kotarski., 
1993

Prospective cohort study 
of 120 women starting 
with CC. 

HSG  Incidence of unilateral and 
bilateral tubal obstruction 
in women starting with CC.  

Eijkemans 
et al., 2003

Prospective cohort study 
of 240 WHO II women. All 
women started ovulation 
induction with CC. Women 
who did not conceive in 6 
ovulatory cycles with CC or 
did not ovulate on doses up 
to 150 mg for 5 consecutive 
days underwent 
gonadotropin induction of 
ovulation based on a low 
dose step up protocol. 

Semen analysis at start of 
treatment

Male partner’s median 
(range) TMSC for women 
who conceived of a 
pregnancy resulting in a 
live birth and for women 
who did not get pregnant 
(p-value) 

Van Wely 
et al., 2005

Randomized controlled trial 
including 168 CC resistant 
women with PCOS between 
February 1998 and October 
2001. A prognostic study 
was performed of eighty-
five women allocated to 
receive rFSH.

All male partners had 
two semen analysis 
after a minimal sexual 
abstinence of two days 
and analysis of semen was 
performed within one 
hour after ejaculation. 
After liquefaction volume, 
concentration and motility 
were defined. 

Univariate odds ratios for 
ongoing pregnancy rate, 
95% CI and P values were 
calculated for TMC as a 
predicator for pregnancy. 

Van Wely 
et al., 2005

Randomized controlled trial 
including 168 CC resistant 
women with PCOS between 
February 1998 and October 
2001. A prognostic study 
was performed of eighty-
three women allocated 
to receive laparoscopic 
electrocautery of the 
ovaries followed by CC and 
rFSH when anovulation 
persisted as part of a 
randomized controlled trial. 

All male partners had 
two semen analysis 
after a minimal sexual 
abstinence of two days 
and analysis of semen was 
performed within one 
hour after ejaculation. 
After liquefaction volume, 
concentration and motility 
were defined.

Univariate odds ratios 
for ongoing pregnancy, 
95% CI and P values were 
calculated for TMSC as a 
predicator for pregnancy.  

Women starting with CC as first line of treatment

Semen analysis

We found two prospective follow-up studies in which the prevalence of poor 

semen quality in women starting with CC as first-line treatment was evaluated 

(Table 2). The prevalence of azoospermia was 3 out of 753 male partners (0.3%) 

(3). Prevalence of oligospermia varied from 4% - 10% (2,3). Oligospermia was 

defined as a sperm density below 20 million/mL in a volume of less then 

below 2 mL, motility below 50 % or a combination in one study (3) and as a 
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concentration below or less than 20 million/mL in the other study (4). 

One study evaluated the predictive value of the total motile sperm count 

(TMSC)  and found that the median TMSC in women starting with CC as first-

line treatment with and without a live birth after treatment, were 52 and 80 

million, respectively, with a range from 1 – 693 million (P=0.9). TMSC was not 

able to predict the chances on a live birth in these women (8). However, only 

TMSC above 1 was included and azoospermia was excluded.  

Tubal patency testing

We found one study reporting on the test results of 1,313 women with 

anovulation in whom part of the fertility workup was performed before 

inclusion in a randomized controlled trial comparing CC alone, metformin alone 

or a combination of both to determine the safest and most efficient way to 

achieve live birth. In 839 of 1,313 women a HSG or diagnostic laparoscopy was 

performed to evaluate the patency of the tubes before start of the allocated 

intervention. In these 839 women the prevalence of bilateral tubal blockage 

was 4% (4).

Another prospective study evaluated the value of Chlamydia Antibody titer in 

the routine performance of a fertility workup in women starting with CC as 

first-line treatment(7). The Chlamydia antibody titer was positive in 33 of 711 

women (5%). Only 190 women were tested with HSG or diagnostic laparoscopy, 

and 10 women (5%) had evidence for bilateral tubal pathology. Another 197 

women did not have tubal patency testing, but were pregnant during follow-

up, therefore bilateral tubal blockage is impossible. In a total of 387 women the 

tubal status was known and 10 women (3%) had evidence for bilateral tubal 

blockage. 

There were no studies on the association between tubal pathology and 

pregnancy chance.

Women starting second line treatment if CC failed to result in pregnancy. 
Semen analysis  

We found no studies on the prevalence of semen abnormalities in women 

who ovulate but fail to get pregnant. One prospective study reported on the 

association between semen parameters and live birth in 160 women with PCOS 

(8). Only couples with a total TMSC above 1 million were included. The odds 
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ratio of live birth rate for semen analysis was 1.0 (95% CI 0.81 – 1.23), indicating 

that semen parameters in the range used in this particular study were not able 

to predict the chances on a live birth.

Tubal patency testing

We found three prospective studies in which the prevalence of tubal pathology 

was evaluated. A HSG or diagnostic laparoscopy was performed in 120 women 

in whom one-sided tubal occlusion was present in 16 women (13%), and 

bilateral tubal occlusion was present in 10 women (8%) (5). In the other two 

studies, pelvic disease was present in 24 - 37% of women (3,6).  Pelvic disease 

was not defined in for example tubal blockage or endometriosis. We found 

no studies on the capacity of tubal patency testing to predict pregnancy in 

women who ovulate but fail to get pregnant with CC. 

CC-resistant women

Semen analysis

We found no studies on the prevalence of semen abnormalities in women who 

did not ovulate with CC. 

We detected one randomized controlled trial in which 168 CC-resistant women 

were allocated to ovulation induction with laparoscopic electrocautery or 

with recombinant FSH (10,11). Partners of women allocated to laparoscopic 

electrocautery had a median TMSC of 66 x 106 (range: 5 to 641 106). TMSC was 

not able to predict the chances on an ongoing pregnancy after electrocautery 

(OR 1.0; 95% CI 0.99 – 1.00) (10). Partners of women allocated to recombinant 

FSH had a median total motile sperm count of 98 x 106 (range: 5 to 641 106) and 

also in these women TMC was not able to predict the chances on an ongoing 

pregnancy. (OR 1.0; 95% CI 0.99 – 1.00) (11).

Tubal patency testing

We found no studies on the prevalence of test abnormalities and the capacity 

of the tests to predict pregnancy in CC-resistant women.
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Table 2: summary of search result

Fertility work-up First line:
Starting with 
CC

Second line:
Ovulatory with CC,  
not pregnant

Second line
Anovulatory with 
CC

Subfertile 
ovulatory

Semen analysis
Prevalence 
oligospermia

Prevalence of 
azoospermia
/TMSC<1 x106

Predictive value, 
OR (95% CI)

4% - 10%(3,4)

0.3% (3)

P=0.9 (8)

X

X

1.00 (0.81 - 1.23) (9)

X

X

1.00 (0.99-1.00) (10,11)

59% (15)

8-17% (12,14)

0.59 (0.44 – 0.78) (18)

Tubal Pathology
Prevalance bilateral 
obstruction

Predictive value, 
OR (95% CI)

3%- 4% (4,7)

X

8% (3,5,6)

X

X

X

6% - 8%  (12,14)

0.13 (0.05 – 0.30) (18)

DISCUSSION

In this systematic review, we evaluated the prevalence of male factor infertility 

and tubal pathology and their association with pregnancy chances in subfertile 

women with ovulation problems. Evidence was limited as only nine studies 

could be included.

In women starting with CC as first-line treatment the prevalence of a male factor 

infertility was 10% and in 0.3% of couples azoospermia was found. Bilateral 

tubal disease was observed in 3% - 4% of women. One study found that semen 

parameters were not associated with pregnancy chance. There were no studies 

on the association between tubal pathology and pregnancy chance.  

In women starting with second-line treatment if CC failed to result in pregnancy 

there were no studies on the prevalence of male factor infertility. One study 

found that semen parameters were not associated with pregnancy chance. Of 

the women, 8% - 9% had evidence for bilateral tubal obstruction. There were 

no studies on the association between tubal pathology and pregnancy chance. 

In CC-resistant women there were no studies on the prevalence of male factor 

infertility. Two studies found that TMSC did not predict live birth rate. There 

were no studies on prevalence of  tubal pathology or on its association with 

pregnancy chance. 
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Although all studies had a prospective design, many were flawed. First, in most 

studies only a part of the basic fertility work up was performed in consecutive 

couples. For example, once a TMSC less then 1 million was detected, tubal 

patency testing was not performed. This may have underestimated the true 

prevalence of tubal pathology in women starting with CC as first-line treatment 

(3,4). Second, definitions of abnormalities varied. For example, in one trial 

oligospermia was defined as a concentration at less then below 20 million / 

mL in at least one sample (4), whereas another trial defined oligospermia as 

a volume of less then 2 ml, concentration below 20 million/mL, and more 

than 50% low motility or a combination of these abnormalities (3). Third, the 

definition of women who ovulate but fail to get pregnant varied with the 

number of ovulatory cycles ranging from 1 - 12. Women with just one ovulatory 

cycle may have different fertility prospects from women with 12 ovulatory 

cycles. We found no studies on the prevalence of semen abnormalities in these 

women.  Fourth, for every subgroup of women with PCOS and for every test 

only at maximum one study was available on both the prevalence of other 

causes of subfertility, and the predictive value of those tests. Consequently, 

pooling was not possible and firm recommendations are thus impossible to 

make.

Subfertile ovulatory women clearly have to undergo an extensive fertility 

workup (12-15). Based on the available evidence there is no rationale for such 

a work up in anovulatory women. Arguments for testing should be based on 

the prevalence of a test abnormality in combination with the costs and risk of 

the test. 

The number of studies included in this review is small. Many studies have 

been performed for the ovulatory subfertile population, but this was not the 

population of interest of our review. It is interesting to notice that the results of 

this review are comparable with the results of the first study exploring this field 

(3). One might postulate that the probability of other fertility limiting factors 

in women with PCOS is very low. Therefore, it is likely that there is a selection 

against other subfertility factors in anovulatory women (16). The prevalence of 

azoospermia was estimated to be 0.3% (3), whereas in the ovulatory subfertile 

population 8% has been found (12,14). This implies that one would have to test 

12 subfertile ovulatory couples versus 330 anovulatory couples to detect one 
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man with azoospermia. For the clarity of this review we chose an undisputable 

outcome for tubal blockage. Bilateral tubal blockage narrows down the 

treatment options, whereas others might not.   

Based upon the scarce evidence collected in this review it is impossible to 

make firm recommendations for the performance and timing of a basic fertility 

workup in anovulatory women. 

Thus, the clinical problem of what fertility testing to do in women with PCOS 

remains and needs to be dealt with. We did not investigate at which time a 

basic fertility work up is performed in daily practice. 

It is our personal view that the basic fertility workup in women starting with 

CC as first-line treatment should be limited to a semen analysis. Compared to 

subfertile ovulatory women, in these women 25 times as many semen analyses 

and two times as many tubal patency tests should be performed to detect 

one abnormality. Still, we do suggest this, because a semen analysis is an 

inexpensive test without any risk, whereas tubal patency tests are expensive 

and have a higher risk of complications. In case of azoospermia further 

investigations should be done. For all other outcomes ovulation induction CC 

should be started, because this is a cheap treatment, with a lower burden and 

lower chance for multiple pregnancies compared with ovulation induction 

with gonadotrophins.

In women who need to start second-line treatment if CC failed to result in 

pregnancy or women with CC resistance we suggest to perform a semen 

analysis and a tubal patency test. In women with CC resistance, laparoscopic 

electrocautery is superior over ovulation induction with FSH (17) and tubal 

assessment can easily be performed during laparoscopic electrocautery 

procedure. Bilateral tubal disease was observed in 4% of women starting with 

first line treatment, while 8% - 9% of women starting second-line treatment  

showed evidence for bilateral tubal obstruction (12,14). This is comparable to 

women with other causes of subfertility, which may validate assessment of 

patency of the tubes. Earlier testing means more frequent unnecessary testing, 

generating costs, and carrying additional risks.  

25412 Nahuis.indd   36 16-10-13   16:00



The basic fertility work-up in WHO II anovulatory women

37

2

REFERENCE LIST
1. Homburg R. Clomiphene citrate – end of an era? A mini-review. Hum Reprod 2005; 20:2043-2051. 

2. Thessaloniki ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group. Consensus on infertility 
treatment related to polycystic ovary syndrome. Hum Reprod 2008;23:462-477.

3. Gysler M, March CM, Mishell DR, Bailey EJ. A decade’s experience with an individualized clomiphene 
treatment regimen including its effect on the postcoital test. Fertil Steril 1982;37:161-167.

4. McGovern PG, Legro RS, Myers ER, Barnhart HX, Carson SA, Diamond MP, et al.. Utility of screen-
ing for other causes of infertility in women with “known” polycystic ovary syndrome. Fertil Steril 
2007;87(2):442-444.

5. Kotarski J, Gogacz M, Semczuk A. Hysterosalpingographic evaluation of tubal patency in women 
treated for anovulatory infertility. Ginekol Pol 1993;64:551-553.

6. Hammond MG, Halme JK, Talbert LM. Factors affecting the pregnancy rate in clomiphene citrate 
induction of ovulation. Obstet Gynaecol 1983;62:196-202.

7. Van Tetering EA, Bourdrez P, Koks CA, Delemarre FM, Ruis HJ, van Dessel HJ, et al. Routine Chlamydia 
antibody testing is of limited use in subfertile women with anovulation. Reprod Biomed Online 
2007;14:322-327.

8. Eijkemans MJ, Imani B, Mulder AGMGJ, Habbema JD, Fauser BC, 2003. High singleton live birth rate 
following classical ovulation induction in normogonadotrophic anovulatory infertility (WHO2). 
Hum Reprod 2003;18:2357-2362.

9. Imani B, Eijkemans MJ, te Velde ER, Habbema JD, Fauser BC. Predictors of chances to conceive in 
ovulatory patients during clomiphene citrate induction of ovulation in normogonadotropic oli-
goamenorrheic infertility. J Clin Endocrinol Metab 1999;84:1617-1622.

10. van Wely M, Bayram N, van der Veen, Bossuyt PM. Predictors for treatment failure after laparoscop-
ic electrocautery of the ovaries in women with clomiphene citrate resistant polycystic ovary syn-
drome. Hum Reprod 2005;20:900-905.

11. van Wely M, Bayram N, van der Veen F, Bossuyt PM. Predicting ongoing pregnancy following ovu-
lation induction with recombinant FSH in women with polycystic ovary syndrome. Hum Reprod 
2005;20:827-832. 

12. Coppus SF, Verhoeve HR, Opmeer BC, van der Steeg JW, Steures P, Eijkemans MJ, et al. Identifying 
subfertile ovulatory women for timely tubal patency testing: a clinical decision rule based on med-
ical history. Hum Reprod 2007;22:2685-2692.

13. Coppus SF, Opmeer BC, Logan S, van der Veen F, Bhattacharya S, Mol BW. The predictive value of 
medical history taking and Chlamydia IgG ELISA antibody testing (CAT) in the selection of subfer-
tile women for diagnostic laparoscopy: a clinical prediction model approach. Hum Reprod 2007; 
22:1353-1358.

14. Van der Steeg JW, Steures P, Eijkemans MJ, Habbema JD, Hompes PG, Broekmans FJ, et al. Pregnancy 
is predictable: a large-scale prospective external validation of the prediction of spontaneous preg-
nancy in subfertile couples. Hum Reprod 2007;22:536-542.

15. Van der Steeg JW, Steures P, Eijkemans MJ, Habbema JD, Hompes PG, Kremer JA, et al.. Role of se-
men analysis in subfertile couples. Fertil Steril 2010;23.                                                               

16. Papoulis AB. Theorem in Statistics and Theorem in Statistics. Probability, Random Variables, and Sto-
chastic Processes. 2nd ed. New York: McGraw-Hill, 1984.

17. Nahuis MJ, Kose N, Bayram N, van Dessel HJ, Braat DD, Hamilton CJ, et al. Long term outcomes in 
women with polycystic ovary syndrome initially randomised to receive laparoscopic electrocautery 
of the ovaries or ovulation induction with gonadotrophins. Hum Reprod 2011;26:1899-1904.

18. Snick HK, Snick TS, Evers JL, Collins JA. The spontaneous pregnancy prognosis in untreated subfer-
tile couples: the Walcheren primary care study. Hum Reprod 1997;12:1582-1588.

19. Van der Steeg JW, Steures P, Eijkemans MJ, Habbema JD, van der Veen F, Bossuyt PM, et al. Should 
the post-coital test (PCT) be part of the routine fertility work-up? Hum Reprod 2004;19:1373-1379.    

25412 Nahuis.indd   37 16-10-13   16:00



Chapter

3

25412 Nahuis.indd   38 16-10-13   16:00



Does the postcoital test 
predict pregnancy in WHO II 

anovulatory women? 
– a prospective cohort study

Marleen Nahuis

Nienke Weiss

Minke van de Velde

Jur Oosterhuis

Peter Hompes

Eugenie Kaaijk

Job van der Palen

Fulco van der Veen

Ben Willem Mol 

Madelon van Wely

Submitted 

25412 Nahuis.indd   39 16-10-13   16:00



Chapter 3

40

ABSTRACT

In women with WHO-II anovulation that undergo ovulation induction with 

Clomiphene citrate (CC), an abnormal PCT result could be associated with lower 

pregnancy chances, but this has never been proven or refuted. We performed 

a multicentre prospective cohort study, between 2009 - 2012, including all 

women undergoing ovulation induction with CC. A PCT was performed in 

one of the first three ovulatory cycles.  The main outcome measure was time 

to ongoing pregnancy, within six ovulatory cycles. We included 251 women. 

The PCT was not performed in 99 women due to pregnancy before the PCT, 

persistent anovulation, or preference of the women. In 152 women the PCT 

was performed. 135 women had a reliable, well-timed PCT. The ongoing 

pregnancy rate was 44/107 (41%) for a positive and 10/28 (36%) for a negative 

PCT. The hazard rate for ongoing pregnancy was 1.3 (95% CI 0.64-2.5) for a 

positive  versus a negative PCT. The present study suggests that the outcome of 

the postcoital test in women with WHO-II anovulation that undergo ovulation 

induction with CC does not have a large effect on ongoing pregnancy chances 

over time.
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INTRODUCTION 

Anovulation and oligo-ovulation are important causes of subfertility and are 

estimated to contribute to 20% of all cases of female subfertility (1,2). The 

recommended first-line treatment for ovulation induction is the anti-oestrogen 

clomiphene citrate (CC) according to the ESHRE/ASRM-Sponsored PCOS 

Consensus Workshop Group (3). CC will restore ovulation in almost 80% and 

will result in pregnancy in 50% of all women.  

 

Though CC results in high pregnancy rates, several studies have shown that 

CC has a negative effect on the cervical mucus (4,5,6). The Dutch guidelines 

and the National Institute for Health and Clinical Excellence guidelines are not 

specific on the necessity to perform a PCT to exclude or demonstrate a cervical 

factor in women ovulating after induction as evidence on the relation between 

cervical factor and pregnancy chances does not exist. 

The studies on the negative effect of CC on the cervical mucus did not evaluate 

whether abnormal cervical mucus was associated with lower pregnancy 

chances and the only prospective follow-up study on the relation between 

the result of the PCT and pregnancy rates describes the PCT outcome in some 

women, while the pregnancy rates are described in other women. (4,5,6,7). 

Therefore the association between outcome of the PCT and pregnancy chances 

can not be determined from this study.

In view of this lack of knowledge we initiated a prospective cohort study to 

evaluate the relationship between the result of the postcoital test and time to 

ongoing pregnancy after ovulation induction with CC in women with WHO II 

anovulation. 

MATERIALS AND METHODS

Between December 2009 and September 2012, we performed a multicenter 

prospective cohort study in one university clinic and two teaching hospitals in 

the Netherlands. All women with WHO II anovulation attending these clinics 

were asked to participate in this study. The study protocol was approved by 

the Institutional Review Board of the Medical Spectrum Twente of Enschede 
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(registration number: P08-37), and had local approval from the board of the 

other participating hospitals. 

Participants

We studied women with WHO class II anovulation who started ovulation 

induction with CC. Women needed to have oligo- or anovulation, combined 

with signs of hyperandrogenism or polycystic ovaries on ultrasound. Women 

younger than 18 years and women with other causes of anovulation, like thyroid 

disease or hyperprolactinaemia were not eligible for the study. The total motile 

sperm count had to be above 1 million in at least one semen analysis before 

starting ovulation induction. Tubal patency tests before start of treatment were 

not mandatory, as the incidence of bilateral tubal obstruction is low within this 

group of women and tubal patency testing is not without risks (8), but women 

with already known bilateral tubal obstruction were excluded. Women could 

enter the study only once. 

Study design and treatment regimen

Ovulation induction with CC was started after a spontaneous or progesterone 

induced menstrual bleed. From the third or fifth day until the seventh or 

nineth day after menstruation women took CC with a minimum of 50 mg to a 

maximum of 150 mg a day. If ovulation did not occur with the lowest dose of 50 

mg / day, it was increased with steps of 50 mg to a maximum of 150 mg a day 

in the next cycles. Ovulation was established in case of a biphasic temperature 

curve, a follicle with a diameter ≥ 18 mm on transvaginal ultrasonography, or 

progesterone ≥ 16 nmol/l in the second half of the cycle or a cycle length ≤ 35 

days. The menstrual cycle was considered regular if the duration of the cycle 

was between 23 and 35 days. 

A PCT was performed during the basic fertility work-up in one of the first three 

ovulatory cycles. The test was planned based on cycle history or the basal body 

temperature (BBT) curve in the preceding cycle or ultrasound findings in the 

present or preceding cycle. In couples in whom the timing depended on the 

BBT and cycle length, the PCT was scheduled the day before the expected 

ovulation. In couples where the timing depended on ultrasound findings, the 

PCT was performed once the dominant follicle was ≥ 18 mm. The couple was 

asked to have intercourse four to sixteen hours before the appointment. The PCT 
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was carried out by cleaning the cervix, followed by aspiration of endocervical 

mucus using a 1 ml disposable syringe or forceps. Clarity and spinnbarkeit were 

assessed and recorded. Mean number of progressive motile spermatozoa in a 

high power field at 400x magnification were determined. The PCT was judged 

to be positive if at least one progressive motile spermatozo was seen in one 

of five high power fields at 400x magnification. All other PCT results were 

considered to be negative. In case of a normal, positive test, only one PCT had 

to be performed. If progressive motile spermatozoa were absent, the test was 

scheduled again two days later or following the confirmation of a dominant 

follicle on ultrasound. In case the timing of the PCT was not optimal the test 

was planned again next month, based on ultrasound measuring of the follicle 

or LH tests. In case the test was negative again, and timing was appropriate 

the PCT test was considered to be negative. Follow-up started immediately 

after starting ovulation induction and ended at six ovulatory cycles. CC was 

continued for at least six cycles for both a positive and negative result of the 

PCT within a time horizon of 12 months. 

Outcome measures

The primary endpoint of this study was time to an ongoing, viable intrauterine 

pregnancy, confirmed by ultrasonography, defined as a fetal heart beat 

seen by vaginal ultrasonography at 12 weeks’ gestation.  The first day of the 

last menstrual period was considered to mark the end of time until natural 

conception. Time to pregnancy was censored at the day of start of any other 

treatment within six months after the start of ovulation induction with CC or 

at the day of the last contact during follow up, if the couple had no ongoing 

pregnancy. 

Secondary outcomes were ovulation, clinical pregnancy, defined as any 

registered heart beat at sonography, ectopic pregnancy and miscarriage, 

defined as loss of an intra uterine pregnancy (confirmed by ultrasound or 

histological examination) before the 12Th week of pregnancy and multiple 

gestation, defined as a registered heartbeat of at least two fetuses at 12 weeks 

of gestation.

Power calculation and statistical analysis

We planned a comparison between women with a positive and women with a 

negative result of the PCT. We anticipated that 50% of women would have an 
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ongoing pregnancy within six ovulatory cycles, and that the ratio of a positive 

versus a negative PCT was 1.5 : 1. To prove that a negative PCT indicates a 

decrease of 20% chance for an ongoing pregnancy within six months compared 

to a standard of 50%, with a power of 80% and an alpha of 5%, 234 women 

needed to be included. To account for drop out, which we estimated not to be 

substantial, we aimed to include 250 women. 

We compared time to ongoing pregnancy by constructing Kaplan Meier curves 

for women with a positive and negative result of the PCT. We performed Cox 

proportional hazard analyses to assess the association between the outcome of 

the PCT with time to ongoing pregnancy as a dependent variable adjusted for 

female age, total motile sperm count and duration of subfertility. Associations 

were expressed as hazard rate ratios (HR). We performed two sensitivity 

analyses. In the first we assumed that all the unrepeated negative PCTs would 

have been negative, in the second we assumed that all the unrepeated negative 

PCTs would have been positive.  

We performed a separate analysis based on number of progressive motile 

spermatozoa per high power field and mucus quality. We classified the 

findings at PCT into four groups and compared pregnancy rates for women 

without progressive motile spermatozoa, for those with 1 progressive motile 

spermatozo, for those with 1-5 progressive motile spermatozoa and for women 

with more than five progressive motile spermatozoa per high power field at 

400x magnification. Log rank test was used to test whether time to ongoing 

pregnancy differed significantly between groups. We classified the cervical 

mucus as clear or not clear. The effect of CC dose was not be taken into account.  

RESULTS

The study profile is shown in figure 1. A total of 251 women with WHO class 

II anovulation starting ovulation induction with CC in three hospitals were 

included in this follow up study. There were 152 women (61%) with at least one 

PCT during one of the first three ovulatory cycles. Of the 99 women in whom 

the PCT was not performed, 41 (41%) were pregnant in the cycle before the 

PCT was planned, 10 (10%) women did not ovulate with a maximum dose of 

150 CC for five days, 23 women (23%) discontinued treatment before the third 
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ovulatory cycle, two women (2%) found the PCT too painful, for 15 women 

(15%) it was impossible to plan the PCT due to work or holiday, one (1%) woman 

refused and in 7 women (7%) it was not clear why the PCT was not performed.

Of the 152 remaining women, the PCT could be adequately performed in 135 

women (89%) starting ovulation induction with CC, of whom 107 had a positive 

and 45 women had a negative PCT result. Due to various reasons, for 17 of 

these 45 women (38%) it was impossible to reschedule the PCT as indicated: 6 

women (35%) were pregnant, 4 women (24%) discontinued treatment, 3 (18%) 

refused repeat of the PCT, 2 women (12%) did not gain an ovulatory cycle with a 

maximum of 150 mg CC for five days and 2 women (12%) started ICSI treatment 

due to severe impairment of semen quality requiring IVF – ICSI (total motile 

count <1 x 106). Baseline characteristics are shown in table 1. No differences 

between women with the three different test results were observed. 
251 women with PCOS

152 women with PCOS and a PCT

107 positive PCT

Pregnancy n=55 (51%)
Ongoing pregnancy n=44 (41%)

28 negative PCT

Pregnancy n=11 (39%)
ongoing pregnancy n=10 (36%)

24 complete FUP negative PCT

Pregnancy n=11 (45%)
Ongoing pregnancy n=10 (54%)

86 complete FUP positive  PCT

Pregnancy n= 55 (64%)
Ongoing pregnancy n=45 (53%)

99 women without a PCT

pregnant in cycle 1/2 before PCT n=41
anovulatory n=10
discontinued treatment n=23
too painful n=2
impossible to plan n=15
refuses n=1
unclear n=7

17 women with negative not well 
timed PCT

Pregnancy n=6 (35%)
Ongoing pregnancy n=4 (24%)

21 incomplete FUP

Reason            Number ovulator cycles
1 started IVF         2
8 anovulatatory       3x1, 3X2, 1x3, 1x4
1 side effects 2
1 ended relationship 4
6 unknown 3x1, 2x3, 1x4
1 mult follikle growth 2
1 started FSH 4
1 bil tubal obstruction 4 
1 moved 3

4 incomplete FUP

Reason number of ovulatory cycles 
2 started FSH 1x3, 1x4
2 started IUI 1x1. 1x2

17 women with negative, not well timed 
PCT

discontinued before repeat n=4
pregnant before repeat n=6
started ICSI n=2
refused repeat n=3
anovulatory  n=2

0 complete FUP negative not 
well timed PCT

Figure 1: study profile
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Table 1: Baseline characteristics of women with a PCT (n=152)

Result of PCT
Positive
n=107

Negative n=28 Negative, 
not well timed
n=17

Sign.
(P<0.05)

Clinical parameters

     Female age in years (mean) 29.15 29.59 29.30 0.62

     Duration of subfertility (mean) 16.1 18.2 14.7 0.46

     Primary subfertility n(%) 77 (72) 22 (79) 13 (77) 0.51

     Smoking n(%) 21 (20) 3 (11) 3 (18) 0.86

     Amenorrhea n(%) 29 (27) 7 (25) 1 (6) 0.17

    BMI (mean) 23.7 22.7 22.22 0.34

Male partner

     Totile motiel sperm count (median) 67 64 79

A total of 200 PCTs were performed in the 152 women. In 131 women one 

ovulatory cycle was needed to perform an adequate PCT, while in 21 women 

PCTs in two or more ovulatory cycles were necessary. In 107 women who finally 

had a positive PCT more than one PCT was performed in 20% of the women, 

whereas in 28 women with a negative PCT more than one PCT was performed 

in 50% of women. For 17 women the PCT was not well timed and negative and 

all these women had just one PCT, while this should be repeated as indicated. 

Overall, 72 of the 152 women (47%) had a clinical pregnancy (Fig 1). Clinical 

pregnancy rate per cycle is shown in table II. Unsuccessful pregnancies occurred 

in 13 women (18%) of whom 12 miscarried and 1 had an ectopic pregnancy.

Table 2: Pregnancy rate per ovulatory cycle.

Ovulatory cycle Women started Pregnancy n (total) Pregnancy rate per 
cycle (%)

Positive Negative negative, not 
well timed

1 152 10 0 1 7

2 133 11 (21) 2(2) 3(4) 12

3 110 10 (31) 1 (3) 0 (4) 10

4 92 17 (48) 4 (7) 1(5) 24

5 59 3 (51) 2 (9) 0 (5) 8

6 52 3 (54) 2 (11) 1 (6) 13

Total 
pregnancies 

54/107 (50%) 11/28 (39%) 6/17 (35%) 72 / 152 (47%)
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From the 152 women, 59 (39%) had an ongoing pregnancy within 6 ovulatory 

cycles after start with CC. From the 135 women with a well-timed, adequate 

performed PCT, 54 (40%) had an ongoing pregnancy within 6 ovulatory cycles 

after start with CC. Of the 107 women with a positive PCT, 44 women (41%) 

had an ongoing pregnancy. Of the 28 women with a negative PCT, 10 women 

(36%) had an ongoing pregnancy.  Of the 17 women were the PCT was not 

well-timed and negative, but not repeated, 4 women (24%) had an ongoing 

pregnancy. All ongoing pregnancies were singleton pregnancies (Fig 1). There 

were 24 women who discontinued treatment before the sixth ovulatory cycle, 

without a pregnancy. Kaplan-Meier analysis of the cumulative probability of 

ongoing pregnancy up to six ovulatory cycles are shown in figure 2. 

Figure 2: Cumulative proportion of women an ongoing pregnancy and a positive and negative result of 
the PCT (time in months from first ovulatory cycle)

There was no evidence for a difference in ongoing pregnancy chance over time 

between women with a positive and women with a negative PCT result (HR 1.3; 

95% CI 0.64-2.5). Under the assumption that all the unrepeated negative PCT 

would have been true negative PCT outcomes, the negative PCT group would 
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entail 45 women of whom 14 women had an ongoing pregnancy. The ongoing 

pregnancy chance over time remained almost the same (HR 1.3; 95% CI 0.74-

2.5). Under the assumption that the unrepeated negative PCT tests would 

actually have been positive PCT outcomes, the positive PCT group would entail 

124 women of whom 48 women had an ongoing pregnancies. The ongoing 

pregnancy chance over time would also remain comparable (HR 1.2; 95% CI 

0.61 – 2.4). For all these analyses there was no association of female age, total 

motile sperm count and duration of subfertility with ongoing pregnancy rates. 

Furthermore there was no interaction with between these variables and PCT.

When ranking women, with a well-timed PCT, based on number of progressively 

motile spermatozoa per high power field, no differences in pregnancy rate were 

reported for women with none, one, one to five or more than five progressively 

motile spermatozoa per high power field (Table III). No statistically significant 

differences were found between those four groups in time to pregnancy (log 

rank test p=0.31). When ranking women, with a well-timed PCT, based on clarity 

of the mucus, women with clear mucus had a significantly higher change of an 

ongoing pregnancy. Thirty five of 77 (46%) women with clear mucus had an 

ongoing pregnancy versus 12 of 45 (27%) women in whom the mucus was 

not clear (HR 2.0; 95% CI 1.02-3.84, p=0.04). For all these analyses there was no 

association of female age, total motile sperm count and duration of subfertility 

with ongoing pregnancy rates. Furthermore none of these factors had any 

interaction with mucus clarity. There was no absence of mucus for any PCT 

(Table 3).  

Table 3: Ongoing pregnancy rate per women included in subgroup analysis based on I. number of 
progressively motile spermatozoa per high power field and II. mucus quality. 

Progressive motile  spermatozoa
/ high power field

Positive Negative negative, 
not well timed

Significance

0 10/28 (36) 4/17 (24) -

1 4/11 (36)

2-5 13/34 (38)

>5 22/51 (47) 

Unknown 7/11 (63)

Mucus

Clear 29/67 (43) 6/10 (60) 1/7 (14) HR 2.0:

Not clear 8/27 (30) 4/18 (22) 2/7 (29) 95%CI 1.02-3.84

Unknown 8/13 (62) 0/0 1/3 (33)
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DISCUSSION

In this prospective cohort study we included 251 women with WHO II anovulation 

who started ovulation induction with CC. A PCT could be performed in 152 

women who became ovulatory with CC. Women with an abnormal PCT  had 

an ongoing pregnancy rate of 36% compared to an ongoing pregnancy rate 

of 41% in women with a normal PCT. There was no evidence of a difference in 

time to ongoing pregnancy  as expressed by a hazard rate of 1.3 (95% CI 0.64-

2.5). In women with clear mucus the ongoing pregnancy rate was significantly 

higher (HR 2.0; 95% CI 1.02-3.84, p=0.04). 

The strength of our study is that we were able to assess the value of the PCT and 

cervical mucus in a prospective multicentre cohort. All women attending the 

fertility clinics with subfertility and WHO II anovulation were included. When 

ovulatory with CC a PCT was performed, or the reason for not performing was 

registered, which was usually due to pregnancy. The PCT was performed by 

various clinicians in different hospitals, but this is an adequate reflection of the 

true performance of the PCT in daily practice.  

A limitation of our study is the sample size. The subset of women with a negative 

PCT was smaller than expected and from the 251 included women in only 152 

women a PCT could be performed as a substantial number of women either 

got pregnant very fast, remained anovulatory and or just refused to do the 

test. Nevertheless, the differences in pregnancy rates between women with a 

positive and a negative PCT were small, and, more importantly, the absolute 

pregnancy rate was with 36% - 41% rather high. 

Women with clear mucus had a higher chance of pregnancy than women in 

whom the mucus was judged as not clear. Thirty five of 77 (46%) women with 

clear mucus had an ongoing pregnancy versus 12 of 45 (27%) women in whom 

the mucus was not clear. This difference could not be explained by a difference 

in female age, total motile sperm count and/or duration of subfertility. 

Compared to all other groups, the subgroup of women with a negative PCT 

and cervical mucus of poor quality had the lowest chance on an ongoing 

pregnancy (22%). This could in theory be the group that benefits from doing a 

PCT and a mucus determination. However, this group accounted for only 7 % 
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of the 250 women included in this study and therefore probably not worth of 

doing, especially since the PCT may result in emotional stress (9).  We noticed 

that several women refused the PCT, some thought it to be painful or the PCT 

was impossible to plan. 

Performing PCT’s may also have unnecessary side effects like switching 

treatment. In this study 4 out of 28 women (14%) with a negative test immediately 

switched treatment after the negative result of the PCT; two women started IUI 

and two women started ovulation induction with gonadotrophins. Also 6 out 

of 17 women (35%) with a negative and not well timed PCT stopped treatment 

or switched treatment before the PCT could be repeated as indicated. In daily 

practice this number may be higher. Finally, 17 out of 45 women (38%) with a 

negative PCT became pregnant.  

In summary, the findings of this prospective cohort study demonstrated that 

the postcoital test has only limited value in women with WHO II anovulation, 

ovulatory with CC.  We advocate that women who start ovulation induction 

with CC can safely do so without performing a PCT. 
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ABSTRACT

Anovulation is a common cause of female subfertility. Treatment of anovulation 

is aimed at induction of ovulation. In women with clomiphene-citrate resistant 

WHO group II anovulation, one of the treatment options is ovulation induction 

with exogenous follicle-stimulating hormone (FSH or follitropin). FSH is derived 

from urine or is produced as recombinant FSH. Two forms of recombinant FSH 

are available – follitropin alpha and follitropin beta. To evaluate the efficacy, 

safety, costs and acceptability of recombinant FSH, we performed a review 

to compare recombinant FSH with urinary-derived FSH products. Follitropin 

alpha, beta and urinary FSH products appeared to be equally effective in terms 

of pregnancy rates. Patient safety was also found to be comparable, as the 

incidence of side effects including multiple pregnancies was similar for all FSH 

products. In practice follitropin alpha and beta may be more convenient to use 

due to the ease of self-administration, but they are also more expensive than 

the urinary products.

25412 Nahuis.indd   56 16-10-13   16:00



4

Recombinant versus urinary gonadotrophins for ovulation induction

57

INTRODUCTION

Anovulation is a common cause of infertility in women. It is classified by 

the World Health Organization (WHO) criteria according to endogenous 

concentrations of serum FSH and estradiol. About 80% of anovulatory women 

have WHO type II or normogonadotrophic normoestrogenic anovulation. 

Polycystic ovary syndrome (PCOS) is the most common form of WHO II 

anovulatory infertility. Gonadotropins have successfully been used for 

ovulation induction in anovulatory women. At present there are two classes 

of FSH-containing pharmaceutical preparations, those derived from the urine 

of postmenopausal women and those manufactured with recombinant DNA 

technology. Gonadotropins are indicated for the induction of ovulation in the 

anovulatory infertile patient and for the development of multiple follicles in 

the ovulatory patient undergoing intra-uterine insemination or participating 

in an Assisted Reproductive Technology Programm (1). 

This review aims to evaluate the efficacy, safety and patient acceptability of 

recombinant gonadotropins in ovulation induction in PCOS women. A short 

history of the development of the various FSH products is initially described, 

followed by their pharmacokinetics and isoform profiles. The review then looks 

into the efficacy, safety profiles and patient satisfaction of these products used 

for ovulation induction in comparison with urinary-derived gonadotropins.

Short history of gonadotropins

Development

By the late 1950s human pituitary extracts were successfully used for 

ovulation induction in hypogonadotropic women (2). Since then, human-

derived gonadotropin preparations have evolved as the mainstay of ovulation 

induction therapy. The use of pituitary extracts was abandoned because of 

scarcity of available human pituitary glands and the fear of Creutzfeldt-Jakob 

virus. 

Pituitary gonadotropins were replaced by urinary derived human menopausal 

gonadotropins by the early 1960s, when the first report was published on its 

use for the treatment of ovulatory dysfunction (3).

Human menopausal gonadotropins consist of a purified preparation of 

gonadotropins extracted form the urine of postmenopausal women. The 

generic name is menotropins. They are inactive orally and are given by 
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intramuscular injections. Menotropins were initially only 5% pure, contained 

equal amounts of luteinizing hormone (LH) and FSH and large quantities of 

potentially allergenic urinary proteins.

The next group of gonadotropins to emerge were purified FSH preparations 

or urofollitropins. Urinary FSH contained less than 1% LH but was still 

contaminated with 95% of nongonadotrophin-related proteins. In the mid 

1990s highly purified urinary FSH became available containing less than 0.1% 

LH and virtually no urinary proteins, allowing subcutaneous administration 

(2). The production of highly purified FSH was enabled by the development 

and application of production techniques based on immuno affinity 

chromatography with monoclonal antibodies. 

One cycle of treatment with gonadotropins requires 20 to 30 L of urine from 

postmenopausal women (4). The increased demand for gonadotropins and 

the advances in molecular technology lead to the production of recombinant 

FSH. This was also driven by the fear of infections, for example Creutzveld-

Jakob virus, although no infectivity from the urine of humans has ever been 

detected in four decades of use (5–7). However, recombinant follitropins are 

produced from a hamster cell line and this procedure also bears a theoretical 

risk of introducing viruses into humans, although again this has never been 

described (8). 

By transfecting a Chinese hamster ovary cell line with FSH genes recombinant 

FSH could be stably produced and was introduced in clinical practice in 1992 

(9). Recombinant FSH is homogenous and free of contamination by proteins. 

Two recombinant preparations are available – follitropin alpha (Gonal F®; 

Serono Labarotories, Switzerland) and follitropin Beta (Puregon®; Schering-

Plough Laboratories, the Netherlands).

FSH: pharmacokinetics and isoforms

FSH is a glycosylated hormone and is composed of two noncovalently linked 

polypeptide chains, an alpha and a beta subunit. In this heterodimeric 

structure the alpha and beta subunits confer its biological and immunological 

activity. The alpha unit is similar to other pituitary and placenta hormones 

(LH, thyroid-stimulating hormone [TSH] and human chorionic gonadotropin 

[hCG]). The oligosaccharides in the beta subunit of FSH are highly variable 

and the composition and complexity of the attached carbohydrate moieties 

may differ. Each oligosaccharide may show single branched, di- tri- and even 
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tetrabranched structures (10). Each branch of the oligosaccharides determines 

the terminal sialylation of the negatively charged FSH molecule and so a number 

of isoforms exist. In humans 20 different FSH isoforms have been identified. The 

liver metabolism of FSH isoforms with a high number of sialic acid residues (ie, 

acidic isoforms) is considerably lower compared to isoforms with a low content 

of sialic acid residues (ie, less acidic isoforms). As a consequence, the plasma 

half-life of the most acidic isoforms is about 240 minutes, while the least acidic 

isoforms have a plasma half-life of about 180 minutes (11,12). 

The terminal sialylation of human FSH determines the overall charge of the 

molecule. The iso-electric point can range from 3.5 to 7.0.13 The recombinant 

FSH products differ from the urinary products in that they contain less acidic 

FSH isoforms. Slightly different purification processes affect the carbohydrate 

compositions.14 The isoform profile of both recombinant preparations are 

similar, although follitropin alpha is less acidic due to the larger extent of basic 

isoforms (isoform ranges [4–5] compared with follitropin beta [isoform ranges 

3.5–5.5]).

Ovulation induction

An indication for the use of gonadotropins is anovulation not responding to 

clomiphene citrate. There are three classes of anovulation, ie, WHO I, WHO II and 

WHO III (15–17). Women with WHO class I anovulation, which accounts for 10% 

of anovulatory women, have low or low–normal serum FSH concentrations and 

low serum estradiol concentrations due to decreased hypothalamic secretion 

of gonadotropin-releasing hormone (GnRH) or pituitary unresponsiveness to 

GnRH. The causes of hypothalamic amenorrhea include stress- or exercise-

related amenorrhea, anorexia nervosa and Kallmann syndrome. 

The majority of women with WHO type I anovulation do not have the threshold 

levels of endogenous LH required to achieve optimal follicular development 

and steroidogenesis during therapy with FSH alone (17,18). Most important 

is that no term pregnancy occurred with this treatment. In these women an 

exogenous supply of LH is required to achieve an adequate follicular response. 

At present women with hypogonadotropic anovulation are most commonly 

being treated with human menopausal gonadotropin (hMG) or, mostly in a 

trial context, with a combination of recombinant FSH (rFSH) and LH. 

About 80% of the women that suffer from infertility due to anovulation 

have WHO class II anovulation. The majority of these women have polycystic 
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ovary syndrome (PCOS). The most recently developed criteria for PCOS 

require the presence of at least two of the following three criteria: oligo- and 

or anovulation, hyperandrogenism (clinical or biochemical) and ultrasonic 

appearance of polycystic ovaria (19). The conventional treatment of WHO class 

II anovulatory women is clomiphene citrate with or without metformin, which 

will restore ovulation in almost 80% of women and will result in pregnancy 

in 50% of all women. In women with clomiphene resistance and clomiphene 

failure, gonadotropins are the next line of treatment.

Ovulation induction in women with PCOS

Ovulation induction with gonadotropins carries a risk for multiple follicular 

development and multiple pregnancies. A chronic low-dose step-up regimen 

was introduced to reduce the incidence of these complications. Following 

spontaneous or progesterone induced bleeding, a course of 37.5 IU to 75 IU 

of daily FSH treatment is commenced on day 3 of the cycle until ovulation 

is induced. This starting dose is continued for 14 days. Ovarian response is 

monitored by transvaginal ultrasound and incremental FSH doses are given 

until an adequate response has been achieved. If a dominant follicle emerges, 

the dose of FSH is maintained until the follicle reaches a main diameter of 17 

mm or above. At this point hCG is injected. With more than 3 dominant follicles 

the cycle is cancelled. The low-dose step-up protocol has a clinical pregnancy 

rate of about 20% per cycle, an incidence of ovarian hyperstimulation syndrome 

(OHSS) of 1% to 3% and a multiple pregnancy rate ranging from 10% to 25% 

(20–23).

EFFICACY, SAFETY AND COST OF OVULATION 
INDUCTION WITH RECOMBINANT FSH;  
A LITERATURE SEARCH

In a Cochrane library meta-analysis from 2001, the efficacy of urinary FSH 

(uFSH) and rFSH for induction of ovulation was compared in clomiphene 

resistant anovulatory women (24). Three randomized controlled trials were 

included. Two trials compared follitropin alpha with highly purified uFSH (HP 

uFSH) (25,26) and the third trial compared follitropin beta with HP Ufsh (27). 

No significant differences were found between the two treatment groups in 
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ovulation rate, pregnancy rate, miscarriage, multiple pregnancy rate. The 

review concluded that there was no evidence of a difference between both 

rFSH and HP uFSH for ovulation induction in women with PCOS. 

We searched the literature for more recent data. A trial was included if it 

dealt with the use of follitropin alpha versus follitropin beta or recombinant 

gonadotropins versus urinary gonadotropins. To identify all relevant trials we 

searched the Embase (1966 to November 2008) and Medline databases (1988–

November 2008).

All randomized controlled trials which included patients with primary or 

secondary infertility attributed to an ovulation disorder were included in this 

review. 

Unfortunately most studies did not differentiate between women with 

clomiphene resistance and clomiphene failure, which is why we included both 

categories in our review.

We considered the following outcome measures after the first treatment cycle:

1.  Pregnancy outcomes and ovulation: live birth rate per woman, ongoing 

pregnancy rate per woman, clinical pregnancy rate per woman and 

ovulation rate per cycle.

2.  Unintended effects: OHSS per cycle, multiple pregnancy rate per woman 

and local and systemic side effects per woman.

3.  Cost-related effects: total dose of gonadotropins administered, duration of 

gonadotropin treatment.

We identified 9 relevant randomized controlled trials that compared 

recombinant FSH with urinary gonadotropins (25–33). One trial was excluded 

as it studied differential effects on hemostasis (32). A further 2 trials were 

excluded as pregnancy results after 1 treatment cycle could not be extracted 

(29,33). Two trials reported the data of 3 treatment cycles, without reporting 

the results of the first treatment cycle (29,33). A detailed description of the 6 

trials included in this review is given in Table 1. Four trials compared follitropin 

alpha with HP urofollitropin (25,26,28,31). One trial compared follitropin 

alpha with highly purified HMG30 and 1 trial compared follitropin beta with 

HP urofollitropin.27 The starting dose in these trials varied between 37 and 

75 IU per day.  When at least 2 trials studied a similar comparison, data were 

pooled and a summary statistic was calculated using a fixed-effects model. For 

dichotomous data a pooled (odds ration, OR) with 95% confidence interval 

(CI) was calculated using the Peto method. For continuous data the mean 
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differences were pooled and a mean weighted difference with 95% CI was 

calculated. Review Manager Software (RevMan 5, Cochrane Collaboration, 

Oxford, UK) was used for statistical analysis.

Table 1 Characteristics of the six included trial

References Comparison Populations

Balen28 Follitropin alpha vs
HP FSH (Bravelle®)

Infertile women with WHO group II anovulation, resistant to 
CC, with CC resistance defined as a failure to ovulate with CC of 
at least 100 mg/day for 5 days or failed to conceive after three 
ovulatory cycles (N = 151, cycles 151). Only the first cycle was 
included.
 

Revelli31 Follitropin alpha vs
HP FSH (Metrodin®)

Infertile women with WHO group II anovulation, resistant 
to CC, with CC resistance defined as a failure to ovulate with 
incremental doses of CC up to 200 mg/day for 5 days in 3 
treatment cycles (N = 76, cycles 76) and normo-ovulatory 
patients with unexplained subfertility (N = 184, 184 cycles). 
Only the first cycle in included.

Platteau30 Follitropin alpha vs
HP HMG (Menopur®)

Infertile women with WHO group II anovulation, resistant to 
CC, with CC resistance defined as a failure to ovulate with CC of 
at least 100 mg/day for 5 days or failed to conceive after three 
ovulatory cycles (N = 184, cycles 184). Only the first cycle was 
included. 

Yarali26 Follitropin alpha vs
HP FSH (Metrodin®)

Infertile women with WHO group II anovulation, resistant to CC, 
with resistance defined as a failure to ovulate with incremental 
doses of CC up to 150 mg/day for 5 days or failure to conceive 
with the ovulatory doses of CC during 6 ovulatory cycles (N = 
51, 96 cycles). The first 3 cycles were included.

Coelingh 
Bennink27 

Follitropin beta vs
HP FSH (Metrodin®)

Infertile women with WHO group II anovulation, resistant to 
CC, defined as a failure to ovulate during 3 previous medication 
cycles or to conceive during 6 ovulatory cycles. (N = 178 
patients, 361 cycles). The first 3 cycles were included.

Loumaye25 Follitropin alpha vs 
HP FSH (Metrodin®)

Infertile women with WHO group II anovulation, resistant to 
CC. (N = 222)

Abbreviations: CC, clomiphene-citrate; HP FSH, highly purified follicle-stimulating hormone; HP hMG, 
highly purified human menopausal gonadotropin.

Pregnancy outcomes and ovulation

All dichotomous outcomes for the trials comparing recombinant gonadotropins 

and urinary gonadotropins are summarized in Figure 1. None of the included 6 

trials found a significant difference for any of the reported pregnancy outcomes.
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Figure 1 The studies’ pooled odds ratios (OR) for pregnancy outcomes and ovulation rate.

Four trials reported data on live birth rate per women after the first treatment 

cycle. Pooling the data resulted in an OR of 1.12 (95% CI 0.75–1.66) for 

recombinant gonadotropins versus urinary gonadotropins (25,28,30,31). 

Ongoing pregnancy rate data were reported in 3 trials (27,28,30). Pooling the 

ongoing pregnancy rate data of the 3 trials resulted in an OR of 1.27 (95% CI 

0.78–2.07). 

Clinical pregnancy rate data were reported in 3 trials (26,28,30). Pooling the 

clinical pregnancy data of these trials resulted in an OR of 1.13 (95% CI 0.67–1.89). 

All 6 trials reported data on ovulation rate. Pooling these data resulted in 

a significantly higher ovulation rate after rFSH in comparison to urinary 

gonadotrophins (OR 1.40; 95% CI 1.03–1.92) (25–28,30,31). Hence, significantly 

more women were ovulatory after the use of recombinant FSH when compared 

with urinary preparation, but this did not lead to a higher pregnancy rate. 

There was no indication for statistical heterogeneity between the trials for any 

of these outcomes.

Unintended effects

Since the implementation of the low-dose step-up regimen and the introduction 

of OHSS management protocols, the major complication of ovarian stimulation 

is multiple pregnancies. Due to adherence to the cancellation criteria the 

incidence OHSS is generally low. In the trials OHSS rates ranged from zero to 

3.2% per treatment cycle. Most were mild or moderate OHSS, with only one 

severe OHSS in the whole group of 856 women. 

All six randomized trials reported on multiple pregnancies (25-28,30,31). 

Multiple pregnancies occurred in 14 of the 443 women in the recombinant 

FSH group and in 21 of 419 women in the urinary gonadotropin group (odds 
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ratio 0.68; 95% CI 0.34–1.36). Most studies reported pregnancy rates after 

three treatment cycles. Only three trials reported the multiple pregnancy rate 

after the first treatment cycle (28,30,31). Pooling these data also did not reveal 

significant differences (OR 2.54; 95% CI 0.58–11.13) (Figure 1).

Local side effects were reported by 5 trials. Bruising, erythema, pain and itching 

are some of the most commonly reported reactions around the injection site. 

There were no indications for differences between recombinant or urinary 

gonadotrophin preparations. However, there were large differences in 

incidence of the different local reactions between trials ranging from 0% up to 

50% (25,28,30,31,33). These large differences between trials were also seen for 

systemic side effect incidences. The most common systemic side effects were 

pelvic pain, nausea or headache and the incidences ranged between trials 

from 0% to 40% (25–28,30,31). 

Numerous studies have investigated the impact of fertility treatments on 

cancer risk in the general population. There is no evidence for an increase in 

cancer risk with exposure to fertility medication (34,35). Furthermore, the use of 

gonadotropins to induce ovulation does not appear to affect future fecundity.

Economic evaluation of ovulation

induction with follitropin alpha

Besides effectiveness and safety, costs play an important role in deciding which 

treatment to give to a patient. The relative cost per gonadotropin preparation 

increases with its purity, but the absolute costs differ between countries. 

The cost and effects of follitropin alpha and beta were compared with HP 

uFSH in 2 randomized controlled trials (29,31). The trial comparing follitropin 

alpha with HP uFSH revealed a significantly lower requirement of FSH when 

using follitropin alpha (Gonal-F), with mean doses of 844 IU and 668 IU per 

cycle respectively (29). The total costs however were higher for follitropin alpha 

though this difference was not statistically significant (mean cost per cycle of 

€208 for Gonal F versus €175 for HP uFSH). 

The other trial, comparing follitropin beta and HP uFSH, also found a significantly 

lower requirement of FSH when using follitropin beta (Puregon) though there 

was no indication for a difference in duration of stimulation (mean 10.2 days 

versus 9.8 days).31 The total costs per cycle however were significantly higher 

for a follitropin beta cycle due to the lower costs per IU of HP uFSH. (mean cost 

per cycles for follitropin beta was €312 versus €218 for HP FSH).
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Five trials compared duration of treatment and all six trials compared the total 

gonadotrophin dose used. We observed a significantly shorter duration of 

treatment with rFSH compared with uFSH (weighted mean difference [WMD] 

minus 1.76; 95% CI -2.59 to -0.93).26–28,30,31 Also weighted means for the 

total FSH dose were lower during treatment with rFSH (WMD -242; 95% CI -338 

to -146).

Patient acceptability

It is important for patients to choose the product that meets their needs (36). 

Gonadotropins are injected daily for several days in follicular phase and various 

injection or reconstitution devices are available to facilitate self-injection. 

Historically, human derived gonadotropin preparations were administered 

by intramuscular injections (im). The introduction of highly purified forms of 

uFSH and rFSH enabled subcutaneous injection which is less painful than im 

administration. 

In several studies the follitropin alpha and follitropin beta injection pen was 

compared to a conventional device. A pen was easier to use, more convenient 

and less painful compared to conventional syringe and vials (36–38). 

Patient and nurse satisfaction of follitropin alpha compared to beta were 

assessed in 2 randomized controlled trials. In a pilot study among 31 patients, 

most women favored the follitropin alpha pen over the earlier-used follitropin 

beta pen because preparation was faster; they were more confident of accurate 

dosing and had to make fewer dose adjustments. Comparable results were 

found in another trial among 140 women and nurses (39).

DISCUSSION

In this review we evaluated the efficacy, side effects, costs and patient 

acceptability of follitropin alpha and beta in ovulation induction in mainly 

WHO class II anovulatory women. On basis of the current best available 

evidence we found no differences in pregnancy and safety outcomes between 

the recombinant forms of FSH and urinary gonadotropins. 

Both recombinant and urinary preparations are acceptable for patients. There are 

no indications that patients prefer one preparation over the other. The patient 

acceptability appears to be mainly influenced by the mode of administration. 
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The advantage of recombinant FSH over the urinary derived FSH products is 

that small doses can easily be applied without having to use half ampoules. 

Furthermore there are no problems with its availability, while large quantities 

of urine from menopausal women are required for urofollitropin production.

The bioactivity and glycoform profile is of interest when comparing cost 

effectiveness. The more basic rFSH would have a higher biopotency, but this is 

beneficial only when it translates into lower doses of gonadotropins used and 

a shorter duration of stimulation leading to lower costs. Indeed, we showed in 

this review that the use of recombinant gonadotropins leads to a lower dosage 

requirement and a slightly shorter stimulation period. On the other hand, rFSH 

is more expensive than urinary-derived FSH products. The costs per cycle of r 

FSH and HP FSH were compared in 2 trials and in both the cost per cycle were 

higher for rFSH even though in both trials a lower FSH dose could be used.

When comparing the effectiveness of rFSH and uFSH the differences between 

women with clomiphene resistance and clomiphene failure are of interest. 

These women probably have different fertility prospects. An individual patient 

data meta-analysis would be needed to differentiate between women with 

clomiphene resistance and clomiphene failure.

In conclusion there were no indications of a difference in effectiveness, safety 

and tolerability between recombinant and urinary follitropins. Follitropin alpha 

and beta may be more convenient to use due to the ease of self-administration, 

but they are also more expensive than the urinary products. Any choice the 

clinician makes on what gonadotropin to use for ovulation induction is a good 

one.
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ABSTRACT  

Background  

Clomiphene citrate (CC) is generally considered the first line treatment in 

women with anovulation due to polycystic ovary syndrome (PCOS). Ovulation 

induction with Follicle Stimulating Hormone (FSH) is the second line treatment 

in women that do not ovulate or conceive on CC. Metformin may increase the 

effectiveness of ovulation induction with FSH, and may help to prevent ovarian 

hyperstimulation syndrome (OHSS).

Objectives  

To determine the effectiveness of metformin co-treatment during ovulation 

induction with FSH in achieving live births and in preventing OHSS in women 

with PCOS.

Search methods  

An extended search was done according to Cochrane guidelines including the 

Menstrual Disorders & Subfertility Group’s Specialist Registrar of controlled 

trials, The Cochrane Central Register of Controlled trials, Medline (1966 

to December 2012), EMBASE (1980 to December 2012) CINAHL (1982 to 

December 2012), National research register and web-based trials databases 

such as Current Controlled trials. There was no language restriction.

Selection criteria  

All randomised controlled trials reporting data comparing clinical outcomes in 

women with polycystic ovary syndrome undergoing ovulation induction with 

FSH plus metformin versus FSH alone.

Data collection and analysis  

Primary outcome measures were live birth rate and ovarian hyperstimulation 

rate, secondary outcomes were ovulation rate, clinical pregnancy, multiple 

pregnancy rate and cycle cancellation rate.

25412 Nahuis.indd   72 16-10-13   16:00



Metfomin during ovulation induction with gonadotrophins

73

5

Results  

Four randomised trials, entailing 154 women, compared FSH plus metformin 

with FSH. There was no significant difference in live birth rate (OR 2.18, 95% 

CI 0.93 - 5.08) for FSH plus metformin versus FSH alone. However, clinical 

pregnancy rate was significantly higher in women treated with FSH plus 

metformin (OR 2.4, 95% CI 1.1 - 4.9). There was no evidence of a difference in 

OHSS (OR 0.32; 95% CI 0.01 to 8.2). There was no evidence of a difference in 

secondary outcome measures ovulation rate, multiple pregnancy rate, cycle 

cancellation rate.

Authors’ conclusions  

There is at this moment insufficient evidence to prove that co-treatment with 

metformin results in more live births or fewer OHSS cases in women with PCOS 

undergoing ovulation induction with FSH although there was a trend in favour 

of metformin co-treatment. However, as the power to show a difference was 

too low due to number and size of the individual trials, and as the clinical 

pregnancy rate was significantly in favour of the use of metformin, we suggest 

that metformin can be used in clinical practice, with the caveat that more trials 

on the subject are needed.

Plain language summary  

Metformin may be combined with follicle stimulating hormone ovulation 

induction in women with polycystic ovary syndrome (PCOS).  Women with 

PCOS have reduced pregnancy chances caused by absence of or reduction in 

ovulation that requires medical treatment. About 80 percent of women will 

ovulate on Clomiphene citrate and 50 percent will become pregnant. The 

remaining women may, among other alternatives, such as laparoscopic ovarian 

drilling, take FSH, hormones that act on the ovary to stimulate ovulation. 

The association between insulin resistance and anovulation has led to the 

hypothesis that addition of metformin might increase the effectiveness of 

ovulation induction. This review of trials compared metformin and placebo 

added to FSH for ovulation induction. We found no evidence of a difference 

in live birth rate or in risk for overstimulation between metformin of placebo 

but there was a higher ongoing pregnancy rate with metformin. This study has 

limited power as only four studies were included with a total of 154 women.
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BACKGROUND

Description of the condition  

Polycystic ovary syndrome (PCOS) is a frequent cause of subfertility affecting 

6% to10% of women of reproductive age (1). Polycystic ovary syndrome is 

characterised by oligo-ovulation, or anovulation , clinical or biochemical 

hyperandrogenism and the presence of polycystic ovaries, or two of these 

three features (2). Anovulation is the absence of ovulation. Oligo-ovulation is 

infrequent or irregular ovulation usually defined as a cycle duration of more 

than 36 days or fewer than eight cycles a year. Insulin resistance is a common 

feature of PCOS. The exact mechanism for the insulin resistance and impaired 

glucose metabolism in PCOS is unclear, but the women may have inherited 

defects in insulin stimulated glycogen synthesis and impaired beta cell function 

(3). In combination with hypertension and dyslipidaemia, insulin resistance may 

increase the risk of cardiovascular and cerebrovascular events. These risk factors 

are compounded by central obesity, which is present in many women with PCOS.

Description of the intervention  

In women with PCOS, ovulation induction with clomiphene citrate (CC) is the first 

line of treatment. Whether ovulation induction with CC should subsequently be 

administered with or without metformin is an area of debate (4,5,6,7). About 30 

to 40% of women do not ovulate on CC or CC plus metformin and are considered 

to be clomiphene citrate resistant. For these women, ovulation induction 

with follicle stimulating hormones (FSH) followed by timed intercourse (TI) or 

intrauterine insemination (IUI) is the next therapeutic step (4,8). Metformin may 

improve pregnancy chances in women undergoing ovulation induction with 

FSH. A disadvantage of administration of FSH is the increased risk of multiple 

pregnancies and of ovarian hyperstimulation syndrome (OHSS) (9). Metformin 

appears to reduce the risk of developing OHSS in in vitro fertilisation (IVF) and 

intracytoplasmic sperm injection (ICSI) cycles (10) and there is evidence that 

co-administration of metformin to standard ovulation induction with FSH may 

minimize OHSS as well (4).

How the intervention might work  

The association between insulin resistance and anovulation has led to the novel 

and promising therapy of administering insulin-sensitizing drugs to women 
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with PCOS in an effort to restore ovulation and enhance pregnancy. Of the 

insulin-sensitising drugs, metformin has been the one studied most widely and 

has the most reassuring safety profile (11). Metformin is an orally active, water-

soluble biguanide used in type 2 diabetes mellitus, is antihyperglycaemic and 

does not cause hypoglycaemia. It enhances insulin sensitivity in both the liver, 

where it inhibits hepatic glucose production, and in peripheral tissue where it 

increases glucose uptake and utilisation in muscle tissue (12,13,14).

Hyperinsulinaemia is also a risk factor for OHSS as women with PCOS who are 

hyperinsulinaemic have a higher level of estradiol (E
2
) and incidence of ovarian 

hyperstimulation in response to ovarian stimulation with FSH compared to 

those with normo-insulinaemia (15). Insulin increases vascular endothelial 

growth factor (VEGF) expression in vascular smooth muscle cells (16) and 

VEGF has emerged as one of the factors most likely to be involved in the 

pathophysiology of OHSS (17). Therefore, it may be postulated that metformin 

reduces the risk of OHSS by decreasing serum insulin levels leading to a 

consequent reduction in the production of VEGF. 

Why it is important to do this review  

Metformin may increase the effectiveness of ovulation induction with FSH, but 

metformin itself is not free of side-effects. Therefore we need to consider all the 

available evidence in terms of efficacy and adverse events regarding this use.

OBJECTIVES

To determine the effectiveness of metformin co-treatment during ovulation 

induction with FSH in achieving live births and in preventing OHSS in women 

with PCOS.

Methods  

Criteria for considering studies for this review  

Types of studies  

Only randomised controlled trials (RCTs) comparing metformin treatment with 

placebo or no treatment in women with PCOS who underwent FSH treatment 
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for ovulation induction were analysed. Quasi-randomised trials were not 

included. In case of cross-over trials, only pre cross-over data was considered 

in the meta-analysis.

Types of participants  

Women of reproductive age with anovulation attributed to PCOS. Polycystic 

ovary syndrome was defined using the ESHRE/ASRM criteria (2). In consideration 

of the wide variation of diagnostic criteria that are used for PCOS, studies 

utilising different criteria were included if the definition matched the ESHRE/

ASRM criteria, as agreed by consensus. This consensus group recommends 

that the diagnosis of PCOS requires that at least two of the following three 

criteria are met: oligo or anovulation (infrequent or no ovulation);  clinical 

or biochemical (or both) signs of hyperandrogenism; polycystic ovaries on 

ultrasound. Other causes for hyperandrogenism that mimic PCOS (such as 

congenital adrenal hyperplasia, Cushing’s syndrome, or androgen secreting 

tumours) were excluded.

Types of interventions  

Metformin versus no treatment or placebo before or during ovulation induction, 

or both, with FSH followed by timed intercourse or intrauterine insemination.

Types of outcome measures  

Primary outcomes 

Effectiveness

One or more live birth(s) per woman or, if not reported, one or more pregnancy 

ongoing per woman

Adverse effects

Rate of ovarian hyperstimulation syndrome per woman as defined by the 

reporting authors

Secondary outcomes

Effectiveness

Ongoing pregnancy rate (per woman), defined as a pregnancy of at least 11 

weeks gestation Clinical pregnancy rate per woman (as confirmed by the 

presence of a fetal heart rate or a gestational sac)

Ovulation rate Number of follicles produced per treatment cycle
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Adverse effects

Multiple pregnancy rate per woman Miscarriage rate per woman (defined 

as an involuntary loss of pregnancy before 20 weeks of gestation) Incidence 

of adverse effects per woman (adverse effects will include, gastro-intestinal 

disturbance, lactic acidosis, discontinuation of therapy and other adverse 

effects reported by the authors)

Process outcomes

Amount of FSH used per woman per cycle (total dose in international units (IU)) 

Duration (days) of ovarian stimulation per woman per cycle Cycle cancellation 

rate per started cycle Serum estradiol level on the day of human chorionic 

gonadotrophin (hCG) trigger injection Fasting insulin and glucose levels

Search methods for identification of studies  

Electronic searches  

All relevant studies describing RCTs of metformin co-treatment (prior to 

and during ovarian stimulation) in women with PCOS who received follicle 

stimulating hormone for ovulation induction followed by timed intercourse or 

intrauterine insemination were sought. Explicit search strings were prepared 

by Marian Showell, Trial Search Coordinator for the Menstrual Disorders and 

Subfertility Group. These search strings are described in the appendices.

1.  We searched the electronic database MEDLINE (PubMed). 

2.  We searched the electronic database EMBASE. 

3.  We searched the Menstrual Disorders and Subfertility Group Trials Register 

and Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane 

Library). 

4.  We searched the electronic database PsycINFO. 

5.  We searched the meta-Register of Controlled Trials (http://controlled-trials.

com/mrct/) and clinical trial results of marketed pharmaceuticals (www.

clinicalstudyresults.org/). (6) We searched other electronic databases: 

CINAHL, Up-to-Date, Web of Science, and LILACS, using a general search 

string. No language restriction was applied.

Searching other resources  

1.  References of reviews and identified selected articles were handsearched 

for additional relevant citations. 

2.  Pharmaceutical companies were contacted for additional relevant citations. 
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3.  We searched the openSIGLE database for grey Literature in Europe (http://

opensigle.inist.fr/).

Data collection and analysis  

Selection of studies  

Trials included in this review were independently selected by two review 

authors (MvW and MN). Disagreements were discussed with the other authors 

and resolved by consensus. Particular attention was paid to whether there 

were differences in the characteristics of the women in the comparison groups 

in terms of: age, body mass index (BMI), duration and causes of infertility, 

dose, timing and duration of metformin co-treatment, androgen levels (total 

testosterone (T), sex hormone binding globulin (SHBG), free androgen index 

(FAI)), fasting glucose and insulin levels, previous ovarian surgery.

Data extraction and management  

The following information was extracted from the studies included in the 

review and are presented in the table ’Characteristics of included studies’.

1.  Trial characteristics: randomisation, allocation concealment, trial design: 

multi-centre or single-centre, single phase or cross-over design, number 

of patients randomised, excluded, and analysed, duration, timing, and 

location of the trial, source of funding.

2.  Baseline characteristics of the studied groups: definition of PCOS and 

duration of pre-existing infertility, womens’ age, investigative work up, 

other causes of infertility, previously administered infertility treatment(s), 

BMI.

3.  Interventions: type of intervention and control, dose regime and duration.

4.  Outcomes: outcomes reported, definitions of outcomes, measurement of 

outcomes, timing of outcome measurement.

All data were extracted independently by two authors using forms designed 

according to Cochrane guidelines. Additional information was sought 

regarding trial methodology from the authors of trials that appeared to meet 

the eligibility criteria but had methodological aspects that were unclear. 

Differences of opinion were registered, discussed with the other authors and 

resolved by consensus.
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Assessment of risk of bias in included studies  

Two review authors (MN, MvW) extracted information regarding the risk of bias 

(threats to internal validity) under the following six domains.

1.  Sequence generation. Evidence that an unpredictable random process 

was used.

2.  Allocation concealment. Evidence that the allocation list was not available 

to anyone involved in the recruitment process.

3.  Blinding of participants, clinicians and outcome assessors. Evidence that 

knowledge of allocation was not available to those involved in subsequent 

treatment decisions or follow-up efforts.

4.  Completeness of outcome data. Evidence that any losses to follow up were 

low and comparable between groups.

5.  Selective outcome reporting. Evidence that major outcomes had been 

reported in sufficient detail to allow analysis, independent of their apparent 

statistical significance. When data were obtained but not reported in the 

paper this was considered to be internal reporting bias.

6.  Other potential sources. Evidence of miscellaneous errors or circumstances 

that might influence internal validity of trial results.

Missing details were sought from the authors. All details will be presented in 

the ‘Risk of bias’ table following each included study. Any differences will be 

resolved by discussion with the other review authors.

Measures of treatment effect  

All binary outcomes were summarised using the odds ratio (OR) with 

95% confidence intervals (CI) applied. Number of follicles, amount of 

gonadotrophin used, duration of ovarian stimulation, serum estradiol level on 

the day of hCG trigger injection, fasting insulin and glucose levels was treated 

as continuous outcomes. Means and standard deviations were abstracted, 

calculated or requested. Before pooling data from more than one primary 

study, heterogeneity was considered. If heterogeneity was minor or might not 

be important, the fixed-effect model was used; otherwise a random-effects 

model was used and further investigation (subgroup analysis) was carried out 

to explore the possible causes of the heterogeneity.

Unit of analysis issues  

All outcomes are expressed per woman randomised. Where only data ‘per 
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cycle’ were available without the number of women included, analysis was not 

possible and the data were not included.

The secondary outcome multiple pregnancy was expressed per woman and 

per clinical pregnancy.

Dealing with missing data  

Where there was insufficient information in the published report, we 

attempted to contact the authors for clarification. It was anticipated that trials 

conducted over 10 years ago may not have data on live birth rates for the study 

participants. Data extracted from the trials were analysed on an intention-to-

treat basis. Where randomised cases were missing from outcome assessment, 

we contacted the authors for additional data. If further data were not available, 

we assumed that missing participants failed to achieve pregnancy and did not 

suffer adverse events. In the case of missing standard deviations for continuous 

outcomes, the averaged standard deviation of the other studies was used.

Assessment of heterogeneity  

Clinical details of included and excluded studies are presented in the 

characteristics of studies tables. The ‘Characteristics of included studies’ table 

was used to evaluate presence of clinical heterogeneity by two authors (MN and 

MvW). Clinical heterogeneity is discussed in the review. Presence of statistical 

heterogeneity of treatment effect among trials was determined using the I2 

statistic. We adopted the following broad interpretation: 0% to 40%, might 

not be important; 30% to 60%, may represent moderate heterogeneity; 50% 

to 90%, may represent substantial heterogeneity; 75% to 100%, considerable 

heterogeneity is present (18). Clinical or statistical heterogeneity was not a 

reason to exclude a trial.

Assessment of reporting biases  

We assessed the methods section for relevant determined outcomes. To 

evaluate external reporting bias, funnel plots for primary outcomes and for 

clinical pregnancy rate are presented. When there was evidence of small-study 

effects, publication bias was considered as only one of a number of possible 

explanations.
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Data synthesis  

Review Manager software was used to perform the meta-analyses using a 

fixed-effect model in the absence of statistical heterogeneity or the random-

effects model in the presence of statistical heterogeneity. For binary outcomes, 

we used the Peto approach. For reporting purposes primary outcomes were 

translated to absolute risks. Results for continuous outcomes were combined 

using the mean difference.

Subgroup analysis and investigation of heterogeneity  

Subgroup analyses were planned to assess the effect of duration of metformin 

treatment before starting FSH for ovulation induction and to assess the effect 

of metformin dosage. Stratification was planned to be performed for women 

treated with metformin for less than one week, or more than three months 

before starting ovulation induction with FSH. Stratification was also planned 

for women taking less than 500 mg metformin a day or more than 2000 mg a 

day. However, as the primary outcome data was only available for three trials 

these subanalyses were not performed.

If excessive heterogeneity existed within trials, it was explored informally 

using the clinical and design details recorded in the ‘Characteristics of included 

studies’ table. Some heterogeneity between trials was anticipated, and possible 

reasons were discussed.

Sensitivity analysis  

We assessed the influence of excluding data from reports that included multiple 

cycles per woman.

Analyses were repeated using a random-effects model to explore whether 

different conclusions are reached.

RESULTS

Description of studies  

Please see the table of included and excluded studies below for further details 

of the study methods and participants of the included trials in the analysis. Eight 

reports were identified, all but one prospective in design, that compared a strategy 

with or without the addition of metformin in ovulation induction with FSH.
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Included studies  

Four trials, entailing 154 CC resistant women, compared metformin or placebo 

to ovulation induction with FSH (19,20,21,22). The studies included in this 

review varied in duration of metformin pre-treatment, initial FSH dose given, 

primary outcome measurements and methodological quality. Furthermore, 

different inclusion criteria were used such that the individual studies differ 

in female age and number of previous CC cycles. Details can be found in the 

Characteristics of included studies table below. All information came from the 

published articles.

 

Characteristics of included studies: Palomba 2005  

Methods Randomised, prospective, double blinded, multicenter trial.
Method of randomisation: computer generated randomization list, further detail are 
unknown.
Duration timing and location of the trial: unknown.
Sample size calculation was performed.
70 women randomised
Three cycles / patient
Ratio between metformin and placebo: 1:1
Intention to treat analysis was performed.

Participants 70 non obese insuline resistant primary infertile women with clomiphene resistant 
PCOS.
Mean age (±SD) of the women was 26.2 (2.7) for the metformin group and 26.9 (2.8) 
for the placebo group.
Body mass index (±SD) was 26.5 (2.7) and 26.4 (2.5) respectively.
Duration of infertility (±SD) was 26.1 (4.7) and 24.8 (4.9) months respectively.
Infertility work up consisted of endocrinology, vaginal ultrasound and semen 
analysis. Fasting glucose and insulin levels were measured and a glucose tolerance 
test was performed. Each women received 75 gr glucose and 30, 60, 90 and 120 
minutes the glucose and insulin concentrations were determined.

Interventions The women took metformin 850 mg two times daily or placebo for three months. 
After three months ovulation induction was started. Metformin or placebo were 
continued during ovarian stimulation with FSH and they were stopped when women 
conceived.
All women underwent ovulation induction in a low dose step up protocol started 
with 75 IU hpFSH (fostimon) for 14 days. if no ovarian response was detected this 
dose was increased with 37.5 IU hpFSH each week until follicular development was 
observed on ultrasound. The maximum dose was 225 IU daily.
Treatment was discontinued if no follicular response was detected after 35 days of 
treatment or more then three follicles >14 mm were present.
HCG was given when the diameter of the dominant follicle was >17 mm.  
Women with PCOS who in previous ovulation induction failed to ovulate underwent 
timed intercourse, whereas those who were ovulating but did not conceive 
underwent intrauterine inseminations.
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Outcomes (Ongoing) pregnancy rate per woman
cycle cancellation
ovulation rate
Number of oocytes produced per cycle
monofollicular development and multifollicular development.
Miscarriage rate per woman
life birth rate
Amount of gonadotrophins used per woman per cycle ( total dose in IU [international 
units]) Duration (days) of ovarian stimulation per woman per cycle Serum estradiol 
level on the day of hCG trigger injection.

Notes PCOS: diagnosis was based on the National institutes of Health criteria (Zawadski 
and Dunaif, 1992)
Insuline resistance was defined according to Legro et al (1998).
Clomiphene resistant: failure to ovulate or conceive, having ovulated during six 
previous cycles of clomiphene citrate with incremental doses of clomiphene citrate 
up to 150 mg / day for 5 days alone or in combination with metformin (1700 mg 
daily).

 Characteristics of included studies: Tasdemir 2004  

Methods Randomised, prospective, multicenter trial.
Method of randomisation: unknown.
Duration timing and location of the trial: Between September 2000 en December 
2001 in one IVF center in Turkey.   
Sample size calculation was not performed.
32 women randomised
No drop out. One cycle / patient
Ratio between metformin and placebo: 1:1
Intention to treat analysis was performed. 

Participants Clomiphene resistant PCOS women. Women with type I or II diabetes were excluded.
Mean age (±SD) of the women was 31.8 (2.7) for the metformin group and 30.6 (3.2) 
for the placebo group.
Body mass index (±SD) was 28.5 (3.5) and 29 (2.1) respectively.
Duration of infertility (±SD) was 3.2 (0.9) and 3.8 (0.7) years respectively.
Infertility work up consisted of endocrinology, vaginal ultrasound, 
hysterosalpingography or laparoscopy and semen analysis.    

Interventions The women took metformin 850 mg two times daily or placebo for 8 weeks.
Metformin was continued daily during ovarian stimulation with rFSH until the day 
of hCG administration.
Ovulation was induced with rFSH (follitropin alpha, gonal F). Treatment was started 
on day 3 after a spontaneous or induced menses. The starting dose was 75 IU rFSH 
(SC)/d for 7 days. If no ovarian response was noted this dose was increased until 
ovarian response was observed with ultrasound.
Treatment was discontinued if more then six follicles >17 mm were present.
HCG was given when one follicle of 17 mm developed.  
Ovulation was assumed when progesterone level was > 5 ng/ml 6-8 days after hCG.

Outcomes Ongoing pregnancy rate per woman
ovulation rate
Number of oocytes produced per cycle
monofollicular development and multifollicular development.
Miscarriage rate per woman
Amount of gonadotrophins used per woman per cycle ( total dose in IU [international 
units]) Duration (days) of ovarian stimulation per woman per cycle Serum estradiol 
level on the day of hCG trigger injection Fasting insulin and glucose levels
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Notes PCOS: oligomenorrhoea and clinical or biochemical signs of hyperandrogenism.
Clomiphene resistant: failure to ovulate with incremental doses of clomiphene 
citrate up to 150 mg / day between the 5th and 10th day of the cycle for three 
successive cycles.
Anovulation: progestogen levels < 5 ng/ml.
Oligomenorroe: less than six menstruations a year

Characteristics of included studies: Van Santbrink 2005  

Methods Randomised, double blind, prospective, multicenter trial.
Method of randomisation: sealed and number envelopes
Duration timing and location of the trial: all women attending the outpatient clinic of 
the Erasmus medical Centra (a tertiary hospital in the Nehterlands) were approached 
between July 1999 and June 2001 
Sample size calculation was performed.
20 women randomised
One cycle / patient. one women was pregnant with metformin alone, before 
ovulation induction. two women presented with an ovarian cyst on the day on which 
ovulation induction should be started and were excluded from analysis.
Ratio between metformin and placebo: 11:9
Intention to treat analysis was performed. 

Participants Clomiphene resistant WHO group II anovulatory women. Women with diabetes were 
excluded.
Median age (range) of the women was 28 (22-32) for the metformin group and 28 
(24-34) for the placebo group.
Body mass index (range) was 38 (28-51) and 34 (27-44) respectively.
Duration of infertility was unknown.
Infertility work up consisted of endocrinology and vaginal ultrasound. a glucose 
tolerance test was performed.    

Interventions After an initial work up and induced menses with Duphaston, women started with 
metformin or placebo. The women took metformin 850 mg two times daily or 
placebo.
Women were subsequently monitored every 1-2 days. In cases of ovarian response, 
no FSH was administered. In cases of absent response 25 days after randomisation, 
ovulation induction with FSH (follitropin alpha, gonal F) was started. The starting 
dose was 50 IU rFSH (SC)/d for 7 days. If no ovarian response was noted after this 
period the first dose was increased with 25 IU rFSH. A further dose increase of 37.5 
IU rFSH was performed. with a maximum dosage of 225 IU rFSH daily. Metformin or 
placebo was continued daily during ovulation induction with rFSH until the day of 
hCG administration.
Treatment was discontinued without follicular response after 225 IU rFSH daily or if 
more then three follicles >15 mm were present.
HCG was given when one follicle of at least 18 mm developed.  
Ovulation was assumed with direct signs on ultrasound. After ovulation metformin 
or placebo was stopped.

Outcomes Ongoing pregnancy rate per woman
ovulation rate
Number of oocytes produced per cycle
monofollicular development and multifollicular development.
Miscarriage rate per woman
Amount of gonadotrophins used per woman per cycle ( total dose in IU [international 
units]) Duration (days) of ovarian stimulation per woman per cycle Serum estradiol 
level on the day of hCG trigger injection Fasting insulin and glucose levels
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Notes PCOS: peripubertal onset of oligo-amenorrhoea, elevated serum testosterone levels 
and ultrasonographic evidence of polycystic ovaries.
Clomiphene resistant: failure to ovulate with incremental doses of clomiphene 
citrate up to 250 mg / day for 5 days.
Anovulation: progestogen levels < 5 ng/ml.
Oligomenorroe: bleeding episode fewer than six times a year

Characteristics of included studies:  Yarali 2002

Methods Randomised, open label, prospective, multicenter trial.
Method of randomisation: computer generated numbers, preparation unknown.
Duration timing and location of the trial: unknown  
Sample size calculation was not performed.
32 women randomised
No drop out. One cycle / patient
Ratio between metformin and placebo: 1:1
Intention to treat analysis was performed.

Participants Clomiphene resistant WHO group II anovulatory women. All women underwent a 
75 g oral glucose tolerance test and were shown to have normal glucose tolerance.
Mean age (±SD) of the women was 27.9.(5.6) for the metformin group and 28.4 (5.1) 
for the placebo group.
Body mass index (±SD) was 28.6 (4.0) and 29.6 (4.8) respectively.
Duration of infertility (±SD) was 57.8 (37.9) and 62.3 (41.9) months respectively.
Infertility work up consisted of endocrinology, vaginal ultrasound, 
hysterosalpingography or laparoscopy.    

Interventions The women took metformin 850 mg two times daily or placebo for 6 weeks.
Metformin was continued daily during ovulation induction with rFSH until the day 
of hCG administration.
Ovulation was induced with rFSH (follitropin alpha, gonal F). Treatment was started 
within 2- 5 days after a spontaneous or induced menses. The starting dose was 75 IU 
rFSH (SC)/d for 14 days. If no ovarian response was noted after this period a weekly 
increase of 37.5 IU to a maximum of 187.5
Treatment was discontinued without follicular response after 35 days of 
gonadotrophins, if more then three follicles >15 mm were present.
HCG was given when one follicle of 17 mm developed.  
Ovulation was assumed when progesterone level was > 5 ng/ml 6-8 days after hCG.

Outcomes Ongoing pregnancy rate per woman
ovulation rate
Number of oocytes produced per cycle
monofollicular development and multifollicular development.
Miscarriage rate per woman
Amount of gonadotrophins used per woman per cycle ( total dose in IU [international 
units]) Duration (days) of ovarian stimulation per woman per cycle Serum estradiol 
level on the day of hCG trigger injection Fasting insulin and glucose levels

Notes PCOS: peripubertal onset of oligo-amenorrhoea, elevated serum testosterone levels 
and ultrasonographic evidence of polycystic ovaries.
Clomiphene resistant: failure to ovulate with incremental doses of clomiphene 
citrate up to 250 mg / day for 5 days.
Anovulation: progestogen levels < 5 ng/ml.
Oligomenorroe: bleeding episode fewer than six times a year
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Excluded studies  

Of the eight trials that were identified in our literature search, four published 

studies were excluded (23,24,25,26). One randomised trial compared two 

treatment protocols. Group A underwent two cycles of FSH stimulation and 

then received metformin for one month before undergoing a third treatment 

cycle. Group B underwent treatment with1500 mg of metformin a day for at 

least one month before a single cycle of FSH stimulation. All cycles with FSH 

were compared with all cycles with FSH and metformin. We tried to obtain 

additional information from the authors but it was impossible to compare the 

first treatment cycle (24). In another trial women were randomly treated with 

metformin 1500 mg/day orally or 4 gram myo-inositol, a molecule which is 

known to have a role in activating enzymes that control glucose metabolism. 

No comparison was made with placebo (25). One trial was a retrospective, 

non-randomised comparison between ovulation induction with FSH, with and 

without metformin (26). Another randomized pilot study was performed to 

assess whether the effect of coadministration of metformin, CC and HMG was 

superior to CC plus HMG in women with CC-resistant PCOS (23).

Risk of bias in included studies  

The risk of bias per included trial was judged in the table Characteristics of 

included studies. All four included studies were randomised controlled trials 

but for one study the method of randomisation was unclear (20), one study 

used sealed envelopes (21) and in two trials randomisation was performed 

using a computer generated randomisation list (19,22). In the studies described 

by Tasdemir 2004, Van Santbrink 2005 and Palomba 2005 a power calculation 

was performed. In the study of Van Santbrink 2005 this was based on the 

primary study endpoints duration of stimulation phase and total amount of 

FSH used. For the other trials the endpoint on which the power calculations 

were based were not stated. In the study of Yarali 2002 no sample size with 

power calculation was performed.

In all studies data were presented according to intention to treat. Of 32 

women included In the study described by Yarali 2002, one woman in the 

placebo group and six women in metformin group ovulated spontaneously 

and did not undergo ovulation induction with gonadotrophins. Two of the six 

women in the metformin group who ovulated spontaneously also conceived 

and one had an ongoing pregnancy. The remaining 25 women underwent 
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ovulation induction with FSH. Ovulation induction was started in all 32 women 

randomised in the study described by Tasdemir 2004. Twenty women were 

randomised in the trial described by Van Santbrink 2005 to either metformin 

(n = 11) or placebo (n = 9) , and seventeen of these women received FSH for 

ovulation induction. Two women presented with an ovarian cyst on the day on 

which FSH treatment was due to be started (placebo group) and one woman 

was ovulatory with metformin only and did not start ovulation induction with 

FSH. In the study described by Palomba 2005, 70 women were randomised. 

No women conceived in the first twelve weeks of treatment with metformin or 

placebo and all 70 women started ovulation induction with FSH for up to three 

cycles with a total of 172 cycles.

In two of four trials the duration and timing of the trial was not mentioned 

(19,22). Within all the trials the baseline characteristics appeared balanced 

over the two treatment groups. Unfortunately many trials were small. With the 

number of women randomized in the individual trials being 20 (21), 32 (22), 32 

(20) and 70 (19) respectively.

Allocation (selection bias)  

Allocation to the intervention or control group was adequately concealed in 2 

of the four trials (19,22). The allocation concealment was qualified as unclear in 

2 trials (20, 21).

Blinding (performance bias and detection bias)  

Double blinding was performed in three of four trials (19,21,22). In the trial 

of Palomba 2005 women and operators were blinded during for the whole 

treatment period. The drug and the placebo were packaged in an identical 

form in the pharmacy and labelled according to subject number. Method of 

blinding was not described in the trial of Van Santbrink 2005 and Yarali 2002. 

Blinding was not performed in the study of Tasdemir 2004.

Incomplete outcome data (attrition bias)  

Live birth rate was reported in one trial (19), but two trials reported ongoing 

pregnancy rates (21,22). OHSS rate is only reported in one trial, but the 

remaining three trials reported rate of cancellation due to hyperstimulation, 

which may be more relevant. Due to low dose step up protocol and adherence 

to treatment protocols incidences of OHSS were low.
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Selective reporting (reporting bias)  

Selective reporting can never be completely excluded, but funnel plots for 

live birth rate / ongoing pregnancy rate, OHSS and clinical pregnancy did not 

suggest presence of selective reporting.

Other potential sources of bias  

The participants in all trials were women with clomiphene citrate-resistant 

with persistent anovulation with 150 to 250 mg for five days. However one trial 

excluded obese women (19).

Palomba 2005

Tasdemir 2004

van Santbrink 2005
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Risk of bias summary: review authors’ judgements about each risk of bias item for each study

Effects of interventions  

Metformin versus placebo - Primary outcomes

Ongoing pregnancy rate / live birth rate per woman

Three randomised controlled trials were included and results could be pooled. 

Ongoing pregnancy rates were reported in two trials (21,22) and live birth rate 

in one trial (19). Palomba reported a live birth rate of 49% in the metformin 

group and 34% in the placebo group after three treatment cycles. In the other 
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trials ongoing pregnancy rates ranged from zero to 19% after one treatment 

cycle. The direction of the effect was in favour of metformin in all three trials. 

There was a non-significant difference in the primary outcome live birth / 

ongoing pregnancy rate (3 trials, N=122; OR 2.2, 95% CI 0.93 - 5.1. I2=0%) for 

metformin versus placebo.

metformin   placebo Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl 

Palomba 2005 17 35 12 35 83.2% 1.81 [0.69, 4.74]

Van Santbrink 2005 2 11 0 9 5.8% 5.00 [0.21, 118.65]

Yarali 2002 3 16 1 16 11.0% 3.46 [0.32, 37,47]

Total (95% Cl) 62 60 100.0% 2.18 [0.93, 5.08]

Total events 22 13

Heterogeneity: Chi*= 0.55, df= 2 (P = 0.76); I*= 0%

Test for overall effect: Z = 1.80 (P = 0 07) 

Forest plot of comparison: dichotomous outcome, outcome:  live birth rate / ongoing pregnancy rate 
(per woman).

OHSS rate per woman

One study reported ovarian hyperstimulation rate. No case of OHSS was 

observed in the group treated with metformin and one women treated with 

placebo developed a mild OHSS during the third treatment cycle (19). (1 trial, 

N=70; OR 0.32; 95% CI 0.01 to 8.2).

Metformin versus placebo - Secondary outcomes

Clinical pregnancy rate per woman

All four trials were included and results could be pooled. In total the clinical 

pregnancy rate was 38% for women treated with metformin versus 22% for 

women treated with placebo. The clinical pregnancy rate ranged from zero 

to 31% in three trials reporting the pregnancy rate after one treatment cycle. 

One study reported clinical pregnancy rate after up to three cycles (19). The 

treatment effect was in favour of metformin in all four trials. Pooling the data 

resulted in a significantly higher clinical pregnancy rate for women treated 

with metformin (4 trials, N=154; OR 2.4, 95% CI 1.1 - 4.9. I2=0%). Excluding the 

trial reporting data after three treatment cycles did not change this effect (OR 

4.4, 95% CI 1.2 – 1.6)

0.005     0.1      1    10      200
Increased in controls Increased in metformin

Odds Ratio

M-H, fixed, 95% CI
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metformin   placebo Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl 

Palomba 2005 18 35 14 35 72,5% 1.59 [0.62, 4.09]

Tasdemir 4 16 2 16 16% 2.33 [0.36, 15.05] 

Van Santbrink 2005 3 11 0 9 4.1% 7.82 [0.35, 174.42] 

Yarali 2002 5 16 1 16 7.3% 6.82 [0.69, 66.90] 

Total (95% Cl) 78 76 100.0% 2.35 [1.12, 4.93] 

Total events 30 17

Heterogeneity: Chi*= 2.07, df= 3 (P= 0.56); I*= 0%

Test for overall effect: Z = 2.25 (P = 0.02) 

Forest plot of comparison: dichotomous outcome, outcome: clinical pregnancy rate.

Miscarriage rate per clinical pregnancy

Three trials reported data on miscarriage rate up to three treatment cycles 

(19,21,22), however as in one trial no clinical pregnancies occured in the FSH 

only arm miscarriage per clinical pregnancy could not be expressed for this 

study (21).  The miscarriage rates per woman ranged between zero and 40%. 

Although the direction of the effect varied among studies this did not cause 

significant statistical heterogeneity. There was no evidence for a difference in 

miscarriage rate between metformin and placebo (3 trials, N=58; OR 0.98, 95% 

CI 0.20 to 4.5).

Multiple pregnancy rate per woman

Three  randomised trials reported data on multiple pregnancy rates.  The 

multiple pregnancy rate per woman ranged between zero and 14%. The 

direction of the effect was in favour of metformin, having less multiple 

pregnancies. Pooling the data of multiple pregnancy rate per woman of all 

included trials resulted in an a non significant difference for metformin versus 

placebo (3 trials, N=122; OR 0.72, 95% CI 0.37 - 1.4).

Cycle cancellation rate per started cycle

Three randomised trials reported data on cycle cancellation rate per cycle and 

were included and data could be pooled. One trial reported rates after up to three 

cycles (19) and 8% of cycles were cancelled for women treated with metformin 

and 16% for women treated with placebo. The cancellation rate ranged between 

zero and 25% in the treatment groups after one treatment cycle (20,21).   Although 

the direction of the effect varied among studies this did not cause significant 

statistical heterogeneity (I2=0%). Pooling the data of the randomised trials 

0.005     0.1      1    10      200
Increased in controls Increased in metformin

Odds Ratio

M-H, fixed, 95% CI
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resulted in a non significant difference in cycle cancellation rate after metformin 

in comparison to placebo. (3 trials, N=221; OR 0.51, 95% CI 0.23 - 1.2).

Ovulation rate per started cycle

Three randomised trials were included and results could be pooled. In total 

the ovulation rate was 87% for women treated with metformin versus 82% for 

women treated with placebo (19,21,22). Although the direction of the effect 

varied among studies this did not cause significant heterogeneity (I2=0%). 

There was no evidence for a difference in ovulation rate between metformin 

and placebo (3 trials, N=214; OR 1.4, 95% CI 0.69 – 3.0).

FSH dose per cycle

All four randomised studies reported the dose per cycle necessary for ovulation 

induction with FSH.  One study reported the median dose (19).The mean total 

dose of FSH used per woman ranged between 945 and 2062.5 IU per cycle. The 

direction of the effect was in favour of metformin having a lower total dose 

in all but one of the trial. Dose per cycle was significantly lower for women 

treated with metformin. (4 trials, N= 249 , weighed mean difference -143.33, 

95% CI -199.24 to -87.45) for metformin versus placebo. However, there was 

indication of severe statistical heterogeneity with an I2 of 98%, indicating that 

this result should be interpreted with caution. The difference in FSH dose per 

cycle remained significant when analysed using the random effects model to 

pool the data ( weighed mean difference -169 IU, 95% CI -309 to -31)

Mean duration of stimulation days per cycle

All four randomised studies reported the duration of stimulation days 

necessary for ovulation induction with FSH.  One study reported the median 

duration of stimulation days (19). The median duration of stimulation was 

15 days for women treated with metformin and 33 days for women treated 

with placebo. The remaining three trials reported mean values and standard 

deviation (20,21,22). The mean duration of stimulation ranged between 

11.2 and 15.3 days. Duration of stimulation days was significantly shorter for 

women treated with metformin (4 trials, N=1274, weighed mean difference 

1.03 days, 95% CI 0.09 to 1.97. However, there was an indication of severe 

statistical heterogeneity with an I2 of 96% indicating that this result should be 

interpreted with caution. The difference was no longer statistically significant 
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when using a random effects model to pool the data (weighed mean difference 

-5.25 days, 95% CI -12.75 to 2.25).

Estradiol levels on day of hCG

All four randomised studies reported the estradiol levels on the day of hCG.  

One study reported the median levels (19). The median  estradiol level on day of 

hCG was 615 pmol/l for women treated with metformin versus 1203 pmol/l for 

women treated with placebo. The remaining three trials reported mean values 

and standard deviation (20,21,22). The mean estradiol level on day of hCG 

ranged between 256 and 1203 pmol/l and the estradiol level was significantly 

lower for women treated with metformin (4 trials, N=1274, weighed mean 

difference -33.48 pmol/l, 95% CI -45.57 to -21.38). However, there was an 

indication of severe statistical heterogeneity with an I2 of 97% indicating that 

this result should be interpreted with caution. The difference was no longer 

statistically significant when using a random effects model to pool the data 

(weighed mean difference -253.92 pmol/l, 95% CI -513.02 to 5.17).

Number of follicles

Two studies described the number of follicles above 16 mm (19,20). The 

pooled WMD was -0.34 (95% -0.53, -0.15; I2 = 79%) meaning the number of 

follicle above 16 mm was 0.3 lower in the metformin group. In view of the large 

statistical heterogeneity this result needs to be interpreted with caution.

Adverse effect

Van Santbrink 2005 reported that serious gastro-intestional problems during 

the use of the study medication were not observed. Tasdemir 2004 reported 

that dyspeptic complaints occurred but did not lead to discontinuation of 

therapy. The number of women with these complaints were not reported. 

Palomba 2005 reported that serious adverse events did not occur and drug 

related adverse events were not significantly different between the two groups 

with 14 % (3 of 35) versus 9% (3/35) for women treated with metformin and 

placebo respectively. Adverse effects were not further specified.

Fasting insulin and glucose levels

Two studies (19,20) only provided data on fasting insulin and glucose levels at 

baseline and not after treatment and were therefore not useful. None of the 
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four studies provided data on fasting glucose levels before and after treatment. 

Only one study had data on fasting insulin levels before and after treatment 

(22). The fasting insulin levels before and after treatment in the metformin 

group were 93 (SD 128) and 98 (SD196) respectively and in the control group 

66 (SD 33) and 73 (SD 42) respectively. In view of the large standard deviation, 

suggesting a non parametric distribution of the data, it was decided not to 

calculate a weighted mean difference.

Van Santbrink 2005 and Yarali 2002 described the glucose/insulin ratio before 

and after the trials and found no differences following treatment (Van Santbrink 

2005 found a ratio of 0.2 (SD 0.1) before and after in both groups and Yarali 

2002 found an average ratio of 0.1 before and after in both groups.

Data and analyses: dichotomous outcome  

Outcome or Subgroup Studies Participants Statistical Method Effect Estimate

live birth rate / ongoing 
pregnancy rate (per woman)

3 122 Odds Ratio 
(M-H, Fixed, 95% CI)

2.18 [0.93, 5.08]

clinical pregnancy rate 4 154 Odds Ratio  
(M-H, Fixed, 95% CI)

2.35 [1.12, 4.93]

miscarriage rate (per clinical 
pregnancy)

3 41 Odds Ratio  
(M-H, Fixed, 95% CI)

0.66 [0.10, 4.49]

multiple pregnancy rate (per 
woman)

3 122 Odds Ratio  
(M-H, Fixed, 95% CI)

0.35 [0.08, 1.60]

cycle cancellation rate (per 
started cycle)

3 221 Odds Ratio  
(M-H, Fixed, 95% CI)

0.51 [0.23, 1.15]

OHSS rate (per woman) 1 70 Odds Ratio  
(M-H, Fixed, 95% CI)

0.32 [0.01, 8.23]

ovulation rate (per started cycle) 3 214 Odds Ratio  
(M-H, Fixed, 95% CI)

1.43 [0.69, 2.99]

adverse effects 2 52 Odds Ratio (M-H, 
Fixed, 95% CI)

Not estimable

Data and analyses: continuous outcome

Outcome or Subgroup Studies Participants Statistical Method Effect Estimate

duration of stimulation days 4 246 Mean Difference (IV, 
Fixed, 95% CI)

1.03 [0.09, 1.97]

total dose 4 249 Mean Difference (IV, 
Fixed, 95% CI)

-143.33 [-199.24, 
-87.41]

estradiol levels on day of hCG 4 246 Mean Difference (IV, 
Fixed, 95% CI)

-33.48 [-45.57, 
-21.38]

Number of follicles 2 204 Mean Difference (IV, 
Fixed, 95% CI)

-0.34 [-0.53, 
-0.15]
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DISCUSSION

Summary of main results  

In this systematic review we selected studies that compared metformin 

with placebo during ovulation induction with FSH in women with PCOS. In 

retrospect all women we included were diagnosed as having PCOS based on 

the Rotterdam consensus criteria. In four randomised controlled trials, FSH 

plus metformin was compared with FSH alone in 154 subfertile women with 

PCOS. None of the trials demonstrated a significant difference in the primary 

outcome live birth rate / ongoing pregnancy rate. There was a trend towards a 

higher live birth rate for women treated with metformin, but this did not reach 

statistical significance (3 trials; 2.2, 95% CI 0.93 - 5.1). Clinical pregnancy rate 

was significantly higher for women treated with metformin (4 trials; OR 2.4, 

95% CI 1.1 - 4.9). There was no indication for heterogeneity between the trials. 

There was no evidence for a difference in OHSS rate (1 trial; OR 0.32; 95% CI 

0.01 to 8.2).

Overall completeness and applicability of evidence  

Of the four trials that compared metformin with placebo during ovulation 

induction with FSH, one trial had data on live birth rate and two trials had data 

on ongoing pregnancy rate. All four trials had data on clinical pregnancy rate. 

Only one trial had data on OHSS.

The included patient population seem to represent the general CC-resistant 

PCOS population. Therefore the results, though clearly lacking power, are 

applicable to a general CC-resistant PCOS population undergoing ovulation 

induction with FSH.

Quality of the evidence  

The quality of the evidence is limited. Two of four included studies used 

computer generated randomisation with a proper method of allocation 

concealment. The sample size in the studies was low. Three of four studies had 

a sample size below 32. To have power of 80% to detect a difference of 30% 

versus 25% in live birth rate, at least 2,502 women are required. Even combined, 

these four trials identified in this review included a tenth of this number.
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Potential biases in the review process  

There were differences between trials that we did not explore further in sub 

analyses. The duration of pretreatment with metformin varied between studies. 

In every trial women took 850 mg two times daily. In the study of Palomba 

2005 pre-treatment with metformin prior to starting gonadotrophin ovulation 

induction was continued for three months, in the study of Tasdemir 2004 for 

eight weeks, for six weeks in the study of Yarali 2002 and for a maximum of 

25 days in the study of Van Santbrink 2005. Metfomin was continued during 

ovulation induction with FSH in all groups and stopped until the day of hCG 

administration or ovulation in most studies (20,21,22). Palomba 2005 stopped 

metformin when women conceived.

Heterogeneity between the trials could be partly explained by differences 

between the definition of clomiphene resistance. Van Santbrink 2005 and Yarali 

2002 defined clomiphene resistance as a failure to ovulate with incremental 

doses of clomiphene citrate up to 150 and 250 mg / day for 5 days, respectively. 

Palomba 2005 and Tasdemir 2004 both defined clomiphene resistance as a 

failure to ovulate or conceive, having ovulated during six previous cycles of 

clomiphene citrate with incremental doses of clomiphene citrate up to 150 mg 

/ day for 5 days alone or in combination with metformin (1700 mg daily).

Agreements and disagreements with other studies or reviews  

The results of this review are in agreement with the results of a meta-analysis 

published in 2007 (4).

Authors’ conclusions  

Implications for practice  

In clomiphene resistant women there is insufficient evidence for a difference in 

live birth rate between metformin or placebo during ovulation induction with 

FSH. However, as the power to show a difference was too low due to number 

and size of the trials, and as the clinical pregnancy rate was significantly in favour 

of the use of metformin, we suggest that metformin can be used in clinical 

practice, under the statement that more trials on the subject are needed.

Implications for research  

Firstly, more large randomised controlled trials are needed to estimate the 

difference between metformin and placebo more precisely. Such trials should 
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preferably include clomiphene resistant women with the use of 150 mg / day 

for five days and take live birth rate as a primary end point.

Secondly, the optimal dose of metformin need to be explored.
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Abstract

Background

Clomiphene citrate (CC) is first line treatment in women with World Health 

Organization (WHO) type II anovulation and polycystic ovary syndrome (PCOS). 

Whereas 60% to 85% of these women will ovulate on CC, only about one half 

will have conceived after six cycles. If women do not conceive, treatment 

can be continued with gonadotropins or intra-uterine insemination (IUI). At 

present, it is unclear for how many cycles ovulation induction with CC should 

be repeated, and when to switch to ovulation induction with gonadotropins 

and/or IUI.

Methods/Design

We started a multicenter randomised controlled trial in the Netherlands 

comparing six cycles of CC plus intercourse or six cycles of gonadotrophins 

plus intercourse or six cycles of CC plus IUI or six cycles of gonadotrophins plus 

IUI. 

Women with WHO type II anovulation who ovulate but did not conceive after 

six ovulatory cycles of CC with a maximum of 150 mg daily for five days will be 

included. 

Our primary outcome is birth of a healthy child resulting from a pregnancy 

that was established in the first eight months after randomisation. Secondary 

outcomes are clinical pregnancy, miscarriage, multiple pregnancy and 

treatment costs. The analysis will be performed according to the intention to 

treat principle. Two comparisons will be made, one in which CC is compared to 

gonadotrophins and one in which the addition of IUI is compared to ovulation 

induction only. Assuming a live birth rate of 40% after CC, 55% after addition 

of IUI and 55% after ovulation induction with gonadotrophins, with an alpha 

of 5% and a power of 80%, we need to recruit 200 women per arm (800 women 

in total).

An independent Data and Safety Monitoring Committee has criticized the 

data of the first 150 women and concluded that a sample size re-estimation 

should be performed after including 320 patients (i.e. 80 per arm).
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Discussion

The trial will provide evidence on the most effective, safest and most cost 

effective treatment in women with WHO type II anovulation who do not 

conceive after six ovulatory cycles with CC with a maximum of 150 mg daily 

for five days. This evidence could imply the need for changing our guidelines, 

which may cause a shift in large practice variation to evidence based primary 

treatment for these women.  
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BACKGROUND

There is a lack of evidence on how to best treat women with World Health 

Organization (WHO) type II anovulation or polycystic ovary syndrome (PCOS) 

and clomiphene citrate (CC) failure. Women with WHO type II anovulation 

have absent or irregular ovulation due to hypothalamic-pituitary dysfunction 

associated with normal levels of endogenous estradiol. The majority of these 

women can be diagnosed with PCOS. The diagnosis of PCOS is based on at 

least two of the following three criteria: oligo-ovulation or anovulation, clinical 

or biochemical evidence of hyperandrogenism, and polycystic ovaries on 

ultrasound assessment (1).

CC has been used as a first-line ovulation induction agent for over 40 years 

(2,3). Systematic reviews and meta-analyses have shown that CC is indeed 

the best primary treatment option in therapy-naive women with WHO type 

II anovulation and PCOS (4,5,6,7,8). Although 60% to 85% of women starting 

ovulation induction with CC will ovulate, only about one half will have 

conceived after six cycles (9,10) the so called women with CC-failure.

When anovulatory women ovulate after CC, but do not conceive after six cycles, 

the clinical problem occurs, that cannot be answered by guidelines. Most trials, 

randomised or not, have been directed at therapy naïve women, or at women 

with PCOS that remained anovulatory after CC, also called CC-resistant women 

(11,12,13,14,15,16,17,18).

For CC-failure, on one hand, women may continue to use CC for another 

six cycles. On the other hand, they may switch to ovulation induction with 

gonadotrophins. Both types of ovulation induction may involve intercourse or 

may be combined with intra-uterine insemination (IUI).

 A reason why women should continue CC with regular intercourse is that 

women do still get pregnant on CC after six treatment cycles, although 

pregnancy rates per cycle probably drop despite regular ovulation (2,19). There 

is consensus that it is best to limit exposure to CC to 12 treatment cycles, as 

additional cycles may place the woman at increased risk of borderline ovarian 

tumours (20). Although it is thus clear that for safety reasons the upper limit 

of treatment cycles is 12, it is unclear for how many cycles ovulation induction 

with CC should be repeated from the perspective of effectiveness.
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Several studies and one report of an international consensus meeting advise 

continuation of treatment with gonadotrophins and/or IUI if pregnancy does 

not occur within six ovulatory cycles (21,22,23,24). This advice is based upon 

the presumption that lack of conception despite evidence of ovulation may be 

due to anti-estrogenic effects of CC on the endometrium.

Pregnancy rates with gonadotrophins can be expected to be higher than 

with CC in women that do not conceive after six ovulatory cycles on CC. 

The downside is that ovulation induction with gonadotrophins has major 

disadvantages. It implies daily injections of gonadotrophins combined 

with concurrent blood and ultrasound monitoring of follicular growth and 

development. Multifollicular development is not uncommon, despite careful 

dose adjustment and monitoring, due to the inherent nature of PCOS. Also, 

injectable gonadotrophins are expensive and the frequent monitoring of 

follicular growth implies substantial additional cost. Extra costs are generated 

because treatment cycles often have to be cancelled to minimize the risks of 

multiple pregnancy and, more rarely, of ovarian hyperstimulation syndrome 

(25,26).

In IUI motile spermatozoa are concentrated and placed directly into the 

uterine cavity, in closer proximity to the released oocyt than is the case after 

vaginal intercourse. There have been no randomised controlled trials that 

studied the effect of IUI in women undergoing ovulation-induction with CC or 

gonadotrophins for oligo- or anovulation. Still, IUI is often added to ovulation 

induction with CC or gonadotrophins. The NICE guidelines actually recommend 

IUI and prolonged ovulation induction with CC in women who ovulate on CC 

but do not conceive (27). IUI is expected to result in higher pregnancy rates 

than intercourse but requires extra laboratory work and more hospital visits 

and is therefore much more expensive.

In summary, in women with WHO type II anovulation or PCOS who ovulate on 

CC but fail to conceive after six ovulatory cycles, prolonged CC or a switch to 

gonadotrophins, as well as the addition of IUI are treatment options that are 

often applied in clinical practice. However, data on cost and effectiveness of 

these options are lacking. We therefore propose to determine which treatment 

is most cost-effective, thus facilitating a cost-effective and standardised clinical 

practice in The Netherlands.
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Objective

Our primary objective is to evaluate four treatment regimens in women with 

WHO type II anovulation that failed to conceive after six ovulatory cycles with 

CC in terms of singleton live birth. Secondary objectives are to assess the safety 

and cost-effectiveness for these treatment regimens and to optimise guideline 

recommendations.

METHODS

Participating centres

This study is a multicentre randomised controlled trial in The Netherlands and 

inclusion started in December 2008.

Inclusion criteria

We will include women with WHO type II anovulation, who have been 

ovulatory for six cycles on CC treatment, with a maximum of 150 mg daily 

for five days, but who did not conceive. Ovulation will be assessed by a basal 

temperature curve, midluteal progesterone (> 16 nmol/l), detection of LH 

surge or sonography, depending on the local protocol. All women will have 

at least one patent Fallopian tube, proven by negative Chlamydia antibody 

titre (CAT), hysterosalpingography (HSG), transvaginal hydrolaparoscopy (THL) 

or diagnostic laparoscopy combined with tubal testing (DLS and TT), also 

depending on the local protocol.

Exclusion criteria

We will not include women below 18 years, women with abnormal prolactin or 

thyroid-stimulating hormone values, women with intolerable symptoms when 

treated with CC like hot flashes affecting daily function, headaches, vision 

changes, or depression and women who remain anovulatory on CC 150 mg 

daily for five days, the so called CC-resistant women.

Ethical considerations

Approval for this study was obtained from the Medical Ethical Committee 

of the Medical Spectrum Twente Enschede and from the Central Committee 

on Research involving Human Subjects (CCMO), The Netherlands. In women 

25412 Nahuis.indd   106 16-10-13   16:00



Protocol The M-OVIN study

107

6

fulfilling the inclusion criteria, written informed consent is obtained before 

randomisation is carried out. Women refusing participation are registered.

Randomisation

Randomisation is performed by accessing a password protected central 

internet-based randomisation program and is stratified for hospital. The 

randomisation list is prepared by an independent statistician. A 2x2 factorial 

design will be used. This will create four groups: 

1. CC plus intercourse

2. CC plus IUI

3. gonadotrophins plus intercourse

4. gonadotrophins plus IUI

Study management

All women participating in the study will undergo a basic fertility work-

up including a semen-analysis and endocrinological investigation to rule 

out hyperprolactinemia and uncorrected thyroid dysfunction. Ovulation is 

induced with CC. From the third or fifth day until the seventh or ninth day 

after spontaneous or progesterone induced menstruation women will take CC 

with a minimum of 50 mg to a maximum of 150 mg a day. During the first 

six treatment cycles women will undergo CAT, HSG, THL and/or DLS and TT to 

exclude double sided tubal occlusion.

Women are eligible for the study after six ovulatory cycles proven by a cycle 

length of less than 35 days, a biphasic basal temperature curve, midluteal 

progesterone (> 16 nmol/l), detection of LH surge or sonography, depending 

on the local protocol. 

Women eligible for the study will be referred to a research nurse for counselling 

and randomisation.

Interventions

Women are allocated to a treatment strategy consisting of six cycles of CC plus 

intercourse or six cycles of gonadotrophins plus intercourse or six cycles of 

CC plus IUI or six cycles of gonadotrophins plus IUI. Women are treated until a 

pregnancy occurs within a treatment time horizon of eight months resulting in 

the birth of a healthy child (Figure 1).
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INCLUSION CRITERIA M-OVIN STUDY
•  Age >18years
•  World Health Organization type II anovulation
•  6 ovulatory cycles with CC (maximum 150 mg/5 days)

EXCLUSION CRITERIA M-OVIN STUDY
•  Double sided tubal pathology
•  lntolerable symptoms with CC
•  Hyperprolactinemie or uncorrected thyroid 
  disfunction

INFORMED CONSENT

NO
LOG

registration

RANDOMISATION

CC +COITUS  

• 6 cycles
• treatment time 8 months  
 

CC+IUI 

• 6 cycles
• treatment time 8 months

GONADOTROPHINS+ IUI

• 6 cycles
• treatment time 8 months

GONADOTROPHINS+ 
COITUS

• 6 cycles
• treatment time 8 months

              BIRTH OF A HEALTHY CHILD
• Ultrasound between six and eleven weeks pregnancy
• Follow up until birth of the child

SECONDARY OUTCOMES
   • multiple pregnancies
   • clinical pregnancy, ongoing pregnancy, ovulation
   • costs

lUI intra uterine inseminations
CC clomiphene citrate

Figure 1: Flowchart of the M-OVIN study

Ovulation induction, semen preparation and insemination regimens will be 

done according to hospital specific protocols. Ovulation induction with CC will 

be started on the third to fifth day of a spontaneous menstrual or progesterone 

induced bleed, in the same dosage as used in the last ovulatory cycle, with a 

minimum of 50 mg to a maximum of 150 mg daily, for five days. If ovulation 

does not occur, the dosage will be increased with steps of 50 mg with a 

maximum of 150 mg daily in the next cycles. As couples are assumed to have 

25412 Nahuis.indd   108 16-10-13   16:00



Protocol The M-OVIN study

109

6

regular intercourse, no specific timing advice will be given . Only if couples 

have a history of sexual problems they are advised to have regular intercourse, 

at least three times a week. Ovulation will be documented according to local 

protocol with either a biphasic temperature curve, or a follicle with a diameter 

≥16 mm on transvaginal ultrasonography. In case of ovulation women will 

continue taking the same dose of CC until an end point is reached.

Ovulation induction with gonadotrophins will be started at the second to fifth 

day of a spontaneous or progesterone induced menstrual bleed according to 

the established chronic low dose step up regimen. Transvaginal ultrasound will 

be performed on day three of the cycle or according to local protocol. Women 

will not be stimulated if they have ovarian cysts >25 mm in mean diameter. The 

starting dose will be 50 or 75 IU daily. The follicular growth is strictly monitored 

by transvaginal ultrasound. If more than three dominant follicles (≥18mm) are 

present, the cycle will be cancelled. When at least one follicle with a diameter 

of ≥ 16 mm is present, ovulation is induced by the administration of 5000 

IU or 10000 IU of human chorionic gonadotrophin (hCG) followed by timed 

intercourse.

In case of IUI, semen samples will be processed within one hour of ejaculation 

by density gradient centrifugation followed by washing with culture medium. 

Women will be inseminated 36 hours after hCG injection. IUI will be performed 

once per cycle. 

Follow-up

Pregnant women will undergo an ultrasound at 7 and 11 weeks of gestation to 

classify the pregnancy as clinical or ongoing singleton or multiple pregnancy. 

Women will be contacted by telephone to enquire on the pregnancy, delivery 

and the health of the child. Detailed information on maternal complication will 

be obtained from the obstetrician treating the woman concerned. The focus 

will be on gestational diabetes and hypertensive disorders. When necessary, 

child health centres and/or paediatricians will then be contacted for specific 

information. Certainly not all couples will complete the 8 months of treatment. 

Drop-outs will largely represent normal patient flow. We aim to keep track of all 

drop-outs and to document the reason for the drop-out in the database.
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A structured case record form (CRF) is used to register reproductive outcome, 

fertility treatments as well as the course and outcome of subsequent 

pregnancies.

Withdrawal of individual patients

Women can leave the study at any time for any reason if they wish to do so. 

Women who drop out of the study will be asked to provide the reason for 

dropping out. This reason will be recorded. Women who drop out of the study 

will be treated according to the local protocols and guidelines. 

OUTCOME MEASURES

Primary outcome measure

The main primary outcome measure will be birth of a healthy child resulting from 

a pregnancy that was established in the first eight months after randomisation. 

A live birth is defined as any ongoing pregnancy with a gestation time beyond 

24 weeks. After randomisation women will receive a maximum of six treatment 

cycles.

Secondary outcome measures

•   Multiple pregnancy, defined as a registered heart beat of at least two 

fetuses at 12 weeks of gestation. 

•   Clinical pregnancy, defined as any registered heart beat at sonography.

•   Miscarriage, defined as loss of an intra uterine pregnancy (confirmed by 

ultrasound or histological examination) before the 20th week of pregnancy. 

•   Ovulation rates, assessed by a biphasic basal temperature curve, midluteal 

progesterone (> 16 nmol/l), detection of LH surge or sonography. 

Background and Demographic Characteristics

To assess whether the treatment groups are balanced, the study populations 

will be compared for baseline measurements including female age, type of 

infertility (primary/secondary), duration of infertility, intoxications, body mass 

index, as well as sperm analysis according to WHO standards.
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Analysis

The analysis of all outcomes is on an intention to treat basis. Couples will be 

treated within a time horizon of eight months. Two comparisons will be made, 

one in which CC is compared to gonadotrophins and one in which the addition 

of IUI is compared to ovulation induction only. Differences in pregnancy 

outcomes will be expressed in relative risks with corresponding 95% confidence 

intervals. Birth rates over time will be compared using life tables. Discrete 

variables (e.g. presence of absence of a complication) will be summarised by 

frequencies and proportions. Differences between groups with respect to 

discrete variables will be evaluated by using chi-squared tests. Continuous 

variables will be assessed for normality and equality of variance between 

groups. For continuous variables, analysis of variance and / or regression will 

be used where appropriate.

Economic evaluation

The economic evaluation will be performed alongside the clinical trial. The 

economic evaluation will be designed as a cost-effectiveness analysis of the 

addition of IUI, use of gonadotrophins or the combination of both as compared 

to CC alone, with the costs per singleton pregnancy within eight months after 

randomisation resulting in live birth as the primary outcome measure. We will 

also assess the time to a successful pregnancy in the cost-effectiveness analysis. 

In this analysis, costs and effects will be discounted for 4% per year.

Determining costs

The economic analysis will be performed from a societal perspective. A 

distinction will be made between costs of medical interventions (direct 

costs) and costs resulting from productivity losses (indirect or time costs). 

Standardised unit costs will be calculated for all centres based on actual 

expenses made during the study. Subsequently, unit costs will be applied to 

resource use as observed in participating centres. Resource utilisation will be 

documented using individual patient data in the CRF’s. Detailed information 

on complications will be obtained. Resource unit prices will reflect the unit of 

staff, materials, equipment, housing, depreciation and overhead. Productivity 

loss will be valued using Dutch reference data (hand book of the Dutch health 

council). Costs will be presented in Euros.

For each cost category, costs are measured as the volumes of resources used 

25412 Nahuis.indd   111 16-10-13   16:00



Chapter 6

112

multiplied with appropriate valuations (unit-costs). Unit costs will be estimated 

according to the Dutch guideline on (unit) costing in health care. Visits to GPs, 

medical specialists and paramedical care, and travelling will be valued based 

on the guideline prices. The friction cost method will be used to estimate the 

duration of lost productivity, age adjusted average daily wages will be used to 

value this duration. An analysis based on reimbursement fees is added (insurer 

perspective). Study-specific costs are excluded from analysis.

Cost-effectiveness analysis

Cost-effectiveness of each strategy will be expressed as costs per live birth. The 

incremental cost-effectiveness ratio (ICER), reflecting the extra costs required 

to obtain one additional live birth of each individualized treatment option 

compared to CC alone will be estimated as the ratio between difference in costs 

between strategies and the difference in pregnancy rates.  A decision model 

will be used to evaluate the optimal strategy when also taking into account 

differences in multiple pregnancies, where the relative importance of different 

outcomes can be varied in order to evaluate whether this affects the results.

Robustness of the results (costs and health outcomes) for various assumptions 

and parameter estimates will be explored in sensitivity analyses and visualized 

in ICER-graphs and cost-effectiveness acceptability curves. In the economic 

analyses, we will also explore differences in patient characteristics (e.g. age, 

parity, ethnicity), as both costs as well as the treatment effect might differ 

between various groups.

Power calculation

The analysis will be by intention to treat. Two comparisons will be made, one 

in which CC is compared to gonadotrophins and one in which the addition 

of IUI is compared to ovulation induction only. Assuming a live birth rate of 

40% after CC, 55% after addition of IUI and 55% after ovulation induction with 

gonadotrophins, with an alpha of 5% and a power of 80%, we need to recruit 

200 women per arm (800 women in total).

An independent Data and Safety Monitoring Committee has criticized the data 

of the first 150 women and concluded that a sample size re-estimation should 

be performed after including 320 patients (i.e. 80 per arm).
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DISCUSSION

Subfertility occurs in 15,000 new couples in The Netherlands each year. In one-

third of cases (about 5,000 women) this is due to anovulation because of WHO 

type II anovulation or PCOS. We estimate that annually 1,500 to 2,000 women 

will not have conceived after six cycles of CC, despite regular ovulation.

For women ovulating on CC but failing to conceive, no consensus exists on the 

optimal policy. All trials, randomised or not, have been directed at therapy naïve 

women, or at women with WHO type II anovulation or PCOS who remained 

anovulatory after CC, also called CC-resistant women. Women with who 

actually do ovulate on CC but do not conceive represent a larger group than CC-

resistant women but have never been the focus of clinical trials. Guidelines do 

not indicate the optimal duration of treatment because randomised controlled 

trials have not been performed. As a consequence, there is large practice 

variation on the subject. Whereas some clinicians switch to ovulation induction 

with gonadotrophins with or without IUI, others continue CC treatment with 

IUI instead of intercourse

There are theoretically 4 treatment options that differ in working mechanism, 

costs and treatment burden.

IUI is an alternative to intercourse, because it bypasses the cervical barrier, 

optimises timing and shortens the distance from spermatozoa to oocyt. 

However, IUI is much more expensive than intercourse; because sperm 

needs to be processed and extra hospital visits are needed.  Compared to 

ovulation induction with clomiphene citrate, gonadotrophins require frequent 

subcutaneous injections and frequent clinical visits due to necessarity of 

close sonographic monitoring, and carry  a higher risk of multiple gestations. 

Ovulation induction with CC will on average be about 750 euro less expensive 

than ovulation induction with gonadotrophins. 

Discontinuing CC and starting ovulation induction with gonadotrophins and/

or IUI should only be done if the probability of conception is improved or the 

time to conception reduced. There is a strong need for a large, randomised 

study that compares costs and effects of CC and gonadotrophins with or 

without IUI. The results of the M-OVIN study will help to make evidence-
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based guidelines for treatment in women with WHO type II anovulation with 

CC-failure. 
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ABSTRACT

Background

Long term effects of laparoscopic electrocautery of the ovaries are unknown. 

To study the long term effects of laparoscopic electrocautery of the ovaries and 

gonadotrophins, we followed women with clomiphene-resistant polycystic 

ovary syndrome (PCOS) randomly allocated to one of these treatments until 

8 - 12 years after their initial treatment.  

Methods

Between February 1998 and October 2001 168 women with clomiphene 

citrate resistant PCOS were included in a randomized controlled trial 

comparing an electrocautery strategy to a strategy starting with rFSH. In 

2009 these women were contacted about their reproductive outcome and 

menstrual cycle regularity. Analysis was by intention-to-treat. We compared 

time to conception resulting in live birth, subsequent pregnancies, ectopic and 

multiple pregnancies, menopause, as well as minimal and maximal menstrual 

cycle length. 

Results

After 8-12 years, the cumulative proportion of women with a first child was 86% 

in women who had been allocated to electrocautery versus 81% in women 

who had been allocated to immediate rFSH [relative ratio (RR): 1.1; 95% CI: 0.92 

- 1.2]. Treatment with electrocautery resulted in a significantly lower need for 

stimulated cycles to reach a live birth; 53% after electrocautery versus 76% after 

rFSH (RR 0.69; 95% CI 0.55 - 0.88).The cumulative proportion of women with a 

second child was 61% after electrocautery versus 46% after immediate rFSH 

(RR 1.4; 95% CI: 1.00 to 1.9).  Overall, there were 7 twins out of 134 deliveries 

(5%) after electrocautery versus 10 twins out of 124 deliveries (8%) in the rFSH 

group (RR 0.65; 95% CI: 0.25 - 1.6). Fifty-four per cent of the women allocated 

to electrocautery had a regular menstrual cycle 8-12 years after randomization 

versus 36% in those allocated to rFSH (RR 1.5; 95% CI 0.87 - 2.6). 
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Conclusion

In women with clomiphene-resistant PCOS, laparoscopic electrocautery 

of the ovaries is as effective as ovulation induction with FSH treatment in 

terms of live births, but reduces the need for ovulation induction or ART in 

a significantly higher proportion of women and increases the chance for a 

second child. Clinicians may use these data when informing clomiphene 

resistant anovulatory women about treatment options.  
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INTRODUCTION

In women with polycystic ovary syndrome (PCOS) who do not ovulate on 

clomiphene citrate (CC), ovulation induction with gonadotrophins and 

laparoscopic electrocautery of the ovaries are established second line 

treatments with comparable success rates (1,2). Yet it has been suggested 

that electrocautery can lead to permanent ovarian damage and adhesion 

formation due to destruction of ovarian tissue (3,4,5,6). This in turn would lead 

to premature ovarian failure and secondary infertility.   

Long term data on the impact of laparoscopic electrocautery on pregnancy 

outcome and menstrual cycle regularity are limited. Two observational 

follow-up studies reported on pregnancy rates and menstrual cycle regularity 

after electrocautery of the ovaries in women with PCOS. One study included 

212 women who underwent laparoscopic electrocautery between 1986 

and 1993 and followed them for a maximum of six years (7). After six years 

only six women (3%) remained for evaluation. Another study included 194 

women with PCOS, who underwent electrocautery between 1991 and 1999 

and followed them for a maximum of 9 years after electrocautery, but only 

85 (44%) women had a follow-up of more than three years (8). The reported 

pregnancy rates were between 61% and 70% and the ectopic pregnancy rate 

ranged from zero to 1.5% (7,8). Regular menstrual cycles were reported in 55 

to 92% of women (7,8).  Neither of these studies had included a comparison. 

A randomized controlled trial comparing laparoscopic electrocautery of the 

ovaries and gonadotrophin therapy in 50 women ran from 1996 to 1999. A 

long term follow up study, based on this trial included 33 women of whom 

29 had undergone electrocautery and 4 gonadotrophins (9). In total 23 of 

29 women (79%) had at least one live born child and the ectopic pregnancy 

rate was 3%. The menstrual cycle regularity was only known for 25 women 

allocated to electrocautery and 15 women (60%) had a regular menstrual 

cycle 6 – 10 years after electrocautery. The small study size and low response 

rate in the follow-up study jeopardize the validity of this comparison between 

electrocautery and gonadotrophins. 

To add to the existing evidence, we set out to document the longterm effects 

of laparoscopic electrocautery of the ovaries in clomiphene-resistant PCOS 
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women compared with gonadotrophins, with an emphasis on reproductive 

outcome and menstrual cycle regularity. This study is based on the largest 

randomized controlled trial performed sofar (10). 

MATERIALS AND METHODS

We studied 168 women with clomiphene-resistant PCOS who had 

participated in a multicentre randomized trial between February 1998 

and October 2001. In this trial, all women had chronic anovulation and 

polycystic ovaries as diagnosed by transvaginal ultrasound, and had been 

resistant to clomiphene. Clomiphene resistance was defined as a persistent 

anovulation after taking 150 mg CC daily for 5 days. Of the 168 women 

included, 83 women had been allocated to an electrocautery strategy and 

85 were allocated to initial recombinant follicle stimulating hormone (rFSH). 

Central computerised allocation had been performed with random blocks, 

stratified for centre.  

The ovaries of women allocated to electrocautery were cauterized with an 

Erbotom ICC 350 Unit (Erbe; Zaltbommel, Netherlands). A bipolar insulated 

needle electrode (length 345 mm, shaft diameter 5 mm) was pressed at right 

angles to the surface of a follicle and the needle (length 15 mm, shaft diameter 

0.9 mm) was inserted in the follicle and surrounding tissue. Each ovary was 

punctured randomly 5-10 times, depending on its size. The automatic stop 

function guaranteed a reproducible coagulation. If women ovulated in six 

subsequent cycles no further treatment was given. If anovulation persisted 

for 8 weeks, treatment was followed by CC. Treatment was followed by rFSH 

if anovulation persisted with CC 150 mg per day for 5 days. Women allocated 

to the rFSH strategy were treated with rFSH starting on day 3 of the cycle 

according to the low-dose step-up regime (11).

Follow up

Follow up ended 1 year after randomization. In January 2009 all 168 women 

were asked by mail to participate in the follow-up study. They were sent a postal 

questionnaire and, when the information was not sufficient or inconsistent, 

were contacted for telephone interviews. Nonresponders were sent a second 
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questionnaire, followed by telephone contact if necessary and possible. To add 

to these data, we searched the medical files of all women who participated in 

the trial.

Questionnaire

The questionnaire had items about current body mass index, anticonception 

use, menstrual pattern, child wish, past fertility treatments and reproductive 

outcome. We collected details on all desired pregnancies that occurred during 

the follow-up period, including live birth, multiple pregnancies, miscarriages 

and ectopic pregnancies. We also asked whether these pregnancies had 

occurred by natural conception, with or without ovulation induction or by a 

form of ART. Regular cycles were defined as cycles lasting < 35 days. 

Statistical Analysis

The primary outcome in our analysis was conception resulting in live birth. 

Secondary outcomes were ectopic pregnancies, multiple pregnancies and 

miscarriages, as well as menstrual cycle regularity. Analysis was performed 

according to intention-to-treat principle: all conceptions leading to live birth 

during the follow-up period were analysed within the treatment group to 

which the women had originally been allocated. The effectiveness of primary 

electrocautery compared with ovulation induction with rFSH was expressed 

as a relative ratio (RR) for all outcomes, with corresponding 95% confidence 

intervals (CI).

Analysis of a second pregnancy after inclusion in the trial was performed for all 

women included. Kaplan-Meier curves were plotted to evaluate the difference 

in time to live birth between the two groups. Differences in time to first and 

second live birth were tested for statistical significance with the log-rank test 

statistic. We also compared the total number of live births (twin as a single 

count) in each group using a Mann-Whitney U-test. The original sample size 

for the trial had been based on a non-inferiority design, using a 5% margin, 

guided by an expected ongoing pregnancy rate of 38% within twelve months 

after treatment with gonadotrophins versus 52% in the electrocautery group. 

With a sample size of 84 women in each group we would have a power of 80% 

to detect a relative risk of 1.27 or larger for the long-term effects, using a 5% 

significance level and two-sided testing, and assuming a live birth rate of 70% 

in the control group.
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RESULTS

In the randomized trial, 83 women had been assigned to an electrocautery 

strategy (electrocautery group) and 85 women to a strategy with ovulation 

induction with rFSH (rFSH group). Baseline characteristics were comparable 

between the two groups, and have been reported elsewhere (Bayram et al., 

2004). Mean duration of subfertility was 2.8 years and 64% of the couples had 

primary subfertility. 

We were able to obtain follow-up data for 159 of the 168 women (95%): 79 

of 83 women from the electrocautery group (95%) and 80 of 85 women from 

the rFSH group (94%). We received complete and consistent questionnaires 

from 58 women. Information for an additional 21 women was found in their 

medical file.  We contacted the remaining 80 women by telephone for further 

information. 

The flow of women after inclusion in the trial is shown in fig. 1. In the analysis we 

combined the outcome data that we published in our original report with the 

data obtained in the questionnaire. For the women who could not be reached 

in this follow up, we used the data as known at 12 months after randomization. 
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 168 women with CC-resistant PCOS

electrocautery strategy (n=83) rFSH strategy (n=85)

18 conceptions leading to live birth

No additional treatment 2
CC 1
FSH 11
IVF 4

18 conceptions leading to live birth

No additional treatment 4
CC 1
FSH 6
IVF 7
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159 women in follow up

electrocautery strategy (n=79) rFSH strategy (n=80)

Cumulative first live birth rate 71 / 83 (86%) Cumulative first live birth rate 69 / 85 (81%)

53 conceptions leading to live birth (64%) 

No treatment 25
CC 13
FSH 12
IUI 3

51 conceptions leading to live birth (60%)

FSH 51

51 conceptions leading to second live birth

no additioanal treatment 29
CC 5
FSH 15
IVF 1
IUI 1
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Cumulative second live born child 61%

70 women with a first live birth in follow up 
(89%)

69 women with a first live birth in follow up 
(86%)

39 conceptions leading to second live birth

no additional treatment 23
CC 2
FSH 11
IVF 3

Cumulative second live born child 46%

159 women in follow up

------------------------------------------------------------------------------------------------------------------------------------- one year after randomisation

11 conceptions leading to third live birth

non additional treatment 8
CC 2
FSH 1
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Cumulative third live born child 13%

13 conceptions leading to third live birth

no additional treatment 10
CC 2
FSH 1     

Cumulative third live born child 15%
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l 

Conceptions leading to live born child
134

No additional treatment 64
additional treatment 70

Conceptions leading to live born child
124

No additional treatment 40
additional treatment 84

1 conception leading to third live birth

CC 1  
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Cumulative fourth live born child 1%

3 conceptions leading to third live birth

no additional treatment 3

Cumulative fourth live born child 4%

Figure 1: flow of women after inclusion in the trial.Figure 1: Flow of women after inclusion in the trial
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Median follow-up time was 134 months in the electrocautery group and 133 

months in the in the immediate rFSH group. The mean female age at follow-up 

for women allocated to electrocautery was 40.1 (SD 3.5) and 40.3 (SD 4.0) years, 

respectively. The average BMI was 28.2 (SD 6.3) and 27.0 (SD 6.5), respectively.

Reproductive outcome

In total, 71 of 83 couples (86%) had a conception leading to live birth in the 

electrocautery group versus 69 of the 85 couples (81%) in the rFSH group (RR: 

1.1; 95% CI: 0.92 - 1.2, log-rank test: 0.24, P=0.63) (Fig. 2). 
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Figure 2: Cumulative proportion of women with a first live birth in the group allocated to electrocautery 
and the group allocated to immediate treatment with recombinant follicle stimulating hormone (log 
rank 0.24, P=0.63)

Of the 83 women allocated to the electrocautery strategy, 27 women (33%) 

achieved a conception leading to a first live birth without additional treatment, 

whereas 44 women (53%) needed further medical treatment to do so: 14 

needed CC, 22 needed FSH, 1 needed FSH and IUI, 3 needed IUI and 4 needed 

IVF treatment. Of the 85 women allocated to the rFSH strategy, four women 

(5%) had a spontaneous first live birth and 65 women (76%) needed treatment: 

55 needed FSH, 2 needed FSH and IUI, 1 needed CC and 7 needed IVF treatment. 

Electrocautery thus resulted in a significantly lower need for stimulated cycles 
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to reach a live birth: 44 of 71 live births versus 65 of 69 live births in rFSH group 

(RR: 0.69; 95% CI: 0.55 - 0.88).   

Second live birth

Of the 83 women allocated to the electrocautery strategy, 51 women (61%) 

had a second live birth. Of the 85 women allocated to rFSH treatment, 39 

women (46%) had a second live birth (RR: 1.3; 95% CI 1.01 - 1.8, log-rank test: 

4.77, P=0.03)(Fig. 3). 

Of the 83 women in the electrocautery group, 29 women (35%) achieved 

a conception leading to a second live birth without additional treatment, 

whereas 22 women (24%) needed further medical treatment to do so: 5 

needed CC, 1 needed IUI, 12 needed rFSH, 3 needed FSH plus IUI and 1 needed 

IVF treatment. Of the 85 women allocated to the rFSH strategy, 23 women 

(27%) had a spontaneous second live birth and 16 women (19%) needed 

further treatment to do so: 2 needed CC, 8 needed FSH, 3 needed FSH plus IUI 

and 3 needed IVF treatment. Thus, electrocautery resulted in a non significant 

difference in need for stimulated cycles to reach a second live birth (RR: 1.4; 

95% CI: 0.80 - 2.5).

100

80

60

40

20

0

Time (months)

C
um

ul
at

iv
e 

liv
e 

bi
rth

ra
te

(%
)

Electrocautery

rFSH

0 20 40 60 80 100 120

Figure 3: Cumulative proportion of women with a second live birth in the group allocated to 
electrocautery and the group allocated to immediate treatment with recombinant follicle stimulating 
hormone (log rank 4.77, P=0.03)
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A further 24 women delivered a third child, 11 women in the electrocautery 

group and 13 women in the rFSH group. One woman in the electrocautery 

group and three women in the rFSH group delivered also a fourth live born 

child. Overall, there were 134 live births in the electrocautery group and 124 

live births in the immediate rFSH group (P=0.09) 

Of the 134 women who had a pregnancy leading to live birth in the 

electrocautery group, 7 delivered a twin (5%). Of the 124 pregnancies leading 

to live births in the rFSH group, 10 (8%) were twin births (RR: 0.65; 95% CI: 

0.25 - 1.6). All twin pregnancies occurred in stimulated cycles. Neonatal death 

occurred in one twin pregnancy at 26 weeks of gestation and in one triplet 

pregnancy at 22 weeks of gestation. 

Of the 175 pregnancies after electrocautery, 5 were ectopic pregnancies. Of 

the 159 pregnancies after rFSH, 3 were ectopic pregnancies (RR: for ectopic 

pregnancy 1.5, 95% CI: 0.37 to 6.2). Of the pregnancies after electrocautery, 31 

were miscarriages versus 23 after rFSH. (RR for miscarriage 1.2, 95% CI: 0.75 - 

2.0). 

Menstrual pattern 

Data on menstrual patterns were available for 138 women for whom follow-

up data could be obtained by questionnaire. Oral contraceptives were used by 

32 of 69  women in the electrocautery group and 31 of 69 women in the rFSH 

group. Two women were pregnant and one woman was being treated with 

rFSH for ovulation induction at the time of the questionnaire. Three women had 

a hysterectomy because of intractable hypermenorroe and dysmenorrhoea. 

The menstrual cycle remained unknown for one woman. Of the remaining 

women a regular menstrual cycle was reported by 19 of 35 women (54%) in the 

electrocautery group and 12 of 33 (36%) women in the rFSH group (RR: 1.5; 95% 

CI: 0.9 - 2.6). Sixteen of 35 women (46%) in the electrocautery group and 21 of 

33 (64%) women in the rFSH group had an irregular cycle. None of the women 

had her last menstruation more than a year ago. Mean minimal en maximal 

cycle duration were 40 and 106 days for women allocated to electrocautery 

strategy and 55 and 178 days for women allocated to the rFSH strategy. 
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DISCUSSION

Although laparoscopic electrocautery of the ovaries has been shown to be more 

cost effective than ovulation induction with gonadotrophins (10,12,13,14), 

fear for possible long-term side effects have made many reluctant to offer this 

treatment. 

In this long term follow-up, we have shown that after 8-12 years of follow-

up the cumulative chances of delivering at least one live born baby were 

not lower in the electrocautery strategy group than in the rFSH group, 

but 5% higher, though not significantly different. We also observed that 

electrocautery significantly increased the number of women with a second 

child. Electrocautery eliminated the need for ovulation induction or ART for 

the first child in a significantly higher proportion of women and electrocautery 

resulted in a non-significant difference for stimulated cycles to reach a second 

live birth. The high intrauterine pregnancy rate and low ectopic pregnancy rate 

clearly demonstrate that post-operative adhesion formation, if at all present, 

is not an important clinical problem. None of the women in our study had 

peri-operative complications or an early menopause, which may indicate that 

electrocautery is a safe technique and that it is unlikely that menopause before 

40 years should occur as a consequence of destroying ovarian tissue.  

A strong point of this follow-up study is that our analyses are based on a 

balanced randomized controlled trial with a high follow-up rate and intention 

to treat analysis. For three women allocated to electrocautery and five women 

allocated to rFSH, it remained unknown if they had a live born child after 

inclusion in the trial. With the assumption that all remaining five women 

allocated to rFSH got pregnant and none of the three women allocated to 

electrocautery got pregnant, 71 of 83 couples (86%) would have a conception 

leading to live birth in the electrocautery group versus 74 of the 85 couples 

(87%) allocated to rFSH (RR: 0.98; 95% CI: 0.87 - 1.1). Even this extreme scenario 

would not have changed our results significantly. Although we have no data 

on how long women remain with regular menses after electrocautery, we 

do know that women have more frequent regular menses 8-12 years after 

electrocautery compared to women initially treated with rFSH.
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Notwithstanding the methodological shortcomings of previous studies, 

their reported results were comparable to our findings (7,8,9). Although we 

did not measure ovarian reserve, endocrinological follow-up studies after 

electrocautery indicate that mean LH, FSH, LH:FSH ratio and / or androgen levels 

remain unchanged in 5-20 years of follow- up (7,9,15,16), which underpins the 

safety of the procedure as found in this study.  

Since the introduction of clomiphene citrate, gonadotrophins and GnRH, 

ovulation induction has always been a medical intervention, which is 

understandable given the endocrine basis of PCOS and the excellent results 

obtained. This historical background probably explains the resistance of many 

against the surgical approach. This resistance may have been reinforced by 

the very fact that surgery is invasive and aims to damage the ovaries. These 

considerations and emotions have probably overruled the available data 

demonstrating the cost-effectiveness of electrocautery of the ovaries. The 

importance of this study is that it provides solid evidence for its long-term 

safety and effectiveness and should thereby convince professionals caring for 

CC resistant women to offer laparoscopic electrocautery as a safe and effective 

second line treatment. 

In summary, electrocautery of the ovaries is a safe treatment in clomiphene-

resistant PCOS women that eliminates the need for ovulation induction or 

ART in a significant proportion of women and obviates cycle monitoring 

necessary with gonadotropins. Moreover, it is at least as effective as immediate 

gonadotrophins for the first child and more effective for couples who want to 

have a second child. Clinicians may use these data when informing clomiphene 

resistant anovulatory women about treatment options. 
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ABSTRACT

Background:

Laparoscopic electrocautery of the ovaries and ovulation induction with 

gonadotrophins are both second line treatments for women with clomiphene 

citrate-resistant polycystic ovary syndrome (PCOS). Long-term follow-up 

after electrocautery versus ovulation induction with gonadotrophins has 

demonstrated at least comparable chances for a first live born child with a 

reduced need for ovulation induction or assisted reproduction treatment and 

increased chances for a second live born child. In this study, we report on the 

long-term economic consequences of both treatment modalities.

Methods:
Between February 1998 and October 2001, we performed a multi-centre 

randomized controlled trial (RCT) comparing a strategy of laparoscopic 

electrocautery of the ovaries, followed by clomiphene citrate and 

gonadotrophins when anovulation persisted, and a strategy of ovulation 

induction with gonadotrophins in women with clomiphene citrate-resistant 

PCOS. Eight to twelve years after randomization we performed a follow-up 

study on reproductive outcome in these women and the fertility treatments 

they had needed including data on direct medical costs of pregnancy and 

delivery. Clinical data included number of treatment cycles, live births, 

miscarriages, ectopic pregnancies and multiple pregnancies. We calculated 

mean costs per woman after randomization until the first live birth. Confidence 

intervals (CIs) were estimated by bootstrapping.

Results: 
We obtained data for an economic analysis on 159 of the 168 randomised 

women (95%). In total, 71 of 83 women (86 %) allocated to the electrocautery 

strategy and 69 of 85 women (81%) allocated to the gonadotrophin strategy 

had at least one live birth. Given the equivalence between the two treatment 

strategies in terms of a first live birth – the primary outcome measure – our 

analysis focused on the cost difference between the two strategies within a 

mean follow-up time of 8-12 years. The mean costs per first live birth after 

randomization were €11176 (95% CI: €9689 - €12549) for the electrocautery 
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group and €14423 (95% CI: €12239 to €16606) for the recombinant FSH group, 

resulting in significantly lower costs (P<0,05) per first live birth for women 

allocated to the electrocautery group (mean difference €3247; 95% CI: €650 

- €5814).

Conclusion:
In women with clomiphene-resistant PCOS, laparoscopic electrocautery of 

the ovaries results in significantly lower costs per live birth than ovulation 

induction with gonadotrophins for an at least equal effectiveness. 
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INTRODUCTION 

Anovulation related to polycystic ovary syndrome (PCOS) is a frequent cause 

of female subfertility (1). Ovulation induction with clomiphene citrate is the 

first line of treatment (2). Those 20% of women that do not ovulate on the 

maximal daily dose of 150 mg are referred to as clomiphene citrate resistant (3). 

In women with clomiphene citrate-resistant PCOS, laparoscopic electrocautery 

of the ovaries and ovulation induction with gonadotrophins are effective 

treatments (4,5). 

A follow up study was performed a decade after women had been enrolled 

in a RCT comparing laparoscopic electrocautery of the ovaries and ovulation 

induction with gonadotrophins (6). Seventy-one of 83 women (86%) who had 

received electrocautery and 69 of 85 women (81%) who initially had started 

ovulation induction with recombinant FSH (rFSH) had at least one live born 

child (6). Laparoscopic electrocautery significantly reduced the need for 

ovulation induction or assisted reproduction treatment (ART). For the first 

live birth, 44 of 83 women (53%) who had undergone electrocautery needed 

additional treatment versus 65 of 85 women (76%) who had been treated with 

rFSH [relative risk (RR): 0.69; 95% confidence interval (CI): 0.55 - 0.88].  

These clinical data indicate that electrocautery of the ovaries is at least as 

effective as rFSH for the first child, reduces the need for ovulation induction or 

ART and is more effective for couples who want to have a second child. Costs do 

play an important role in deciding which treatment to give to a woman. Data 

on the economic evaluation of treatment in anovulatory infertility is scarce 

and only concern shortterm outcome (7,8). We, therefore, assessed the costs 

of laparoscopic electrocautery of the ovaries compared with a strategy starting 

with ovulation induction with rFSH in women with clomiphene-resistant PCOS. 

MATERIALS AND METHODS

Study design

We performed a follow-up study of 168 women with clomiphene citrate-

resistant PCOS who had been included in a multi-centre RCT, performed 
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between February 1998 and October 2001 in 25 Dutch hospitals. All women 

included had at least chronic anovulation and polycystic ovaries diagnosed 

on transvaginal ultrasound and had not ovulated on a maximum of 150 mg 

clomiphene citrate daily for 5 days. Of the 168 women, 83 women had been 

allocated to an electrocautery strategy and 85 were allocated to a strategy 

starting with rFSH. Central computerized allocation had been performed with 

random blocks, stratified for centre. The ovaries from women allocated to 

electrocautery were cauterized with a bipolar insulated needle electrode and 

each ovary was punctured 5-10 times, depending on its size (4).   

If women ovulated in six subsequent cycles after electrocautery, no further 

treatment was given. If anovulation persisted for eight weeks, treatment was 

followed by clomiphene citrate. The starting dose was 50 mg/day for 5 days. 

Treatment was followed by rFSH according to the low-dose step-up regime, 

if anovulation persisted with clomiphene citrate 150 mg/day for 5 days. The 

end-point of the original trial was defined as the ongoing pregnancy rate (a 

viable pregnancy of >12 weeks) within 12 months after randomization. After 

this period treatment was continued according to local protocol. 

Economic analysis

In January 2009, all 168 women were asked to participate in this follow-up study. 

Data were obtained by a postal questionnaire and, when the information was 

not sufficient or consistent, by telephone interviews. The questionnaire had 

items about child wish, past fertility treatments and reproductive outcome, 

i.e. live births, miscarriages, ectopic pregnancies, immature deliveries, multiple 

pregnancies, intrauterine fetal deaths (6). A live birth was defined as delivery 

of a living neonate after 25 weeks of gestation. A miscarriage was defined as 

a non-viable pregnancy before 12 weeks of gestation. An immature delivery 

was defined as delivery below a gestational age of 25 weeks. An intrauterine 

fetal death was defined as the absence of hearthbeat at a gestational age > 25 

weeks. 

To obtain details on total number of treatment cycles and total treatment dose, 

we searched the medical files. The informed consent forms of the original trial 

asked women for their approval to be contacted again in the future for further 

information on their well-being. This was approved by the METC.

Costs per live birth and total treatment costs for multiple children in the follow-

up period of 8-12 years were calculated.   In this analysis, we calculated the 
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mean costs per woman until 6 weeks after delivery for the first live birth. All first 

live births occurred within a follow up period of 8 years. 

Cost calculations

The economic analysis was performed from a health-care perspective and was 

based on direct medical costs. To perform this analysis we collected data on 

all treatment cycles.  We registered type of treatment, number of treatment 

cycles, medication and total dose used per cycle and number of ultrasound 

visits. The type of  treatment  included ovulation induction with clomiphene 

citrate, rFSH, metformin and additional intrauterine insemination. Also IVF, ICSI 

and cryopreservation cycles in both groups were registered. 

The cost for the laparoscopic electrocautery was calculated in the original cost-

analysis (8). A standard price was used for each ultrasound visit and this reflected 

the unit of staff, materials, equipment, housing, depreciation and overheads. The 

overhead costs are direct medical costs covered by the health-care system. 

Cost for stimulation with clomiphene citrate and rFSH were calculated by 

multiplying the total dose used with the corresponding unit prices based on 

Dutch wholesale prices (9). We used assumptions concerning costs from Dutch 

inventory studies of mean costs made in each treatment cycle of IUI, IVF, ICSI 

and cryopreservation (10,11). (table I) The cost for obstetric care for mother 

and child until 6 weeks after delivery was estimated as €2804 for a singleton 

pregnancy and delivery and €14814 for a twin pregnancy and delivery (12). We 

applied all costs to the financial year 2009 using the National price indexes and 

taking a discount of 5% over a period of 3 years into account.

Statistical analysis

Given the equivalence between the two treatment strategies in terms of a first 

live birth – the primary outcome measure – our analysis focused on the cost 

difference between the two strategies within a follow-up time of 8-12 years. 

Costs were expressed as means per woman and means per live birth with 95% 

CI as estimated by bootstrapping. The Mann-Whitney U test was performed on 

the mean total cost in the electrocautery group and rFSH group. Analysis was 

performed according to intention-to-treat (ITT) principle. The difference was 

expressed as a mean difference with a bootstrap 95% confidence interval with 

10,000 bootstrap samples. 
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Women were registered as lost to follow-up if the medical files were missing.  

For women with missing data on the exact dose of rFSH, we assumed that they 

received the mean dose of the group they had been allocated to. We had no 

missing data on the exact dose of clomiphene citrate and metformin.

A scenario analysis was performed to evaluate the costs in a scenario without 

a diagnostic laparoscopy in women who started ovulation induction with rFSH 

immediately. All analyses were performed with the Statistical Package for the 

Social Sciences®  (SPSS Inc., Chicago, IL, USA) version 19.0 for Windows and a 

P-value of 0.05 was used as to indicate statistical significance.

RESULTS

Between February 1998 and October 2001, 168 women had been included in 

the trial, of whom 83 had been allocated to the electrocautery strategy and 

85 to ovulation induction with rFSH. All 25 hospitals participated in this cost-

effectiveness analysis. We were able to obtain follow-up data for 159 of the 168 

women (95%): 79 of 83 women from the electrocautery group (95%) and 80 of 

85 women from the rFSH group (94%). 

Baseline characteristics at time of randomization were comparable between 

the two groups and have been published in the original article. (Bayram et al., 

2004; Nahuis et al., 2011). The  mean (SD) baseline FSH level was 6.2 U/l (0.9 U/l) 

in the electrocautery strategy and 6.3 U/l (0.8 U/l) in the rFSH group.

Details on time to pregnancy and follow-up have been published in the original 

follow-up study (6). The follow-up time was 8 - 12 years, with a median follow-

up time of 134 months in the electrocautery strategy group and 133 months in 

the rFSH group. For nine women only the 1-year follow-up data were available, 

which were part of the original randomized trial. Since we performed  an ITT 

analysis we did not exclude these nine women.

First live birth after randomization

After randomization, 71 of 83 women (86%) allocated to electrocautery and 69 

of 85 women (81%) allocated to rFSH reached a first live birth (RR: 1.1, 95% CI: 

0.92 - 1.2). For the first live birth 44 of 83 women (53%) who had undergone 

electrocautery needed additional treatment versus 65 of 85 women (76%) who 
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had been treated with rFSH (RR: 0.69; 95% CI: 0.55 - 0.88). The mean time to a 

first live birth was 18 months in the electrocautery group and 19 months in the 

rFSH group.

Average use of resources for the first live birth is presented in table I. One 

woman had electrocautery twice. Six women allocated to the rFSH strategy 

underwent laparoscopic electrocautery in the follow-up.

Table I: Average use per woman of resources until conception leading to first live birth of the 
electrocautery strategy and rFSH strategy and unit prices

Electrocautery strategy
(n=83)

rFSH strategy
(n=85)

Price/unit (€)

Treatment (n)= number of women

Clomiphene citrate (50 mg tablet)a 19 (21) 3 (11)* 0,50

Recombinant FSH (75 IU)a 36 (70) 98 (94)* 33.49

hCG (5.000 IU)a 3 (4) 6 (5)* 4.64

Intrauterine inseminationa 0.6 (1.7) 0.5 (1.3) 465

IVFa 0.2 (0.8) 0.3 (0.7) 2619

ICSIa 0 0 2835

Cryopreserved embyosa 0.02 (0.2) 0.08 (0.5) 426

Ultrasound visita 20 (16) 20 (17) 163

Electrocautery 1 0.03 (0.2) 1151

Diagnostic laparoscopy - 1 676

a Values are mean (SD) 
*Significant difference between use of treatment 

The mean costs for use of resources are presented in Table II. The mean costs for 

the operative procedure were €1,151 in the electrocautery strategy and €676 

in the rFSH strategy. Costs were higher due to a longer operation time and the 

additional equipment needed for the electrocautery strategy. The mean costs 

for clomiphene citrate, rFSH and human chorionic gonadotrophin (hCG) plus 

the additional costs for IUI and IVF and electrocautery were lower for women 

allocated to the electrocautery strategy (mean difference €2224, 95% CI: €56 to 

€4393), which is significantly different. 

Of the 71 women who had a first live birth in the electrocautery group, three 

delivered a twin (4%). Of the 69 first live births in the rFSH group, 6 (9%) were 

twin births (RR: 0.49; 95% CI: 0.13 to 1.9). The mean (bootstrap 95% CI) total 
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costs for the first live birth, including delivery, as expressed per woman until the 

first live birth or during the follow-up period after randomization were €9560 

(95% CI: €8212 - €10907) for the electrocautery strategy and €11708 (95% CI: 

€9845 - €13561) for the rFSH strategy, resulting in a difference of €2148 (95% CI 

-€153 - €4450), which is not statistically significant.

Table 2: Mean costs per woman per cost category for the first live birth in € 

Electrocautery strategy
(n=83)

rFSH strategy
(n=85)

Operation

Operative procedure 1151 676*

Cost categories

Medication(clomiphene citrate-rFSH-hCG) 1353 3413*

Additional treatment costs (IUI-IVF-ICSI)
Additional electrocautery

856
15

1046
45

Monitoring 3244 3188

Total 5468 7692*

Total treatment costs 6619 8369

Pregnancy and delivery 2941 3339

Direct medical costs per woman 9560 11708

n=number of women
*=significant difference

When expressed per live birth, the mean costs per first live birth after 

randomization were €11176 (95% CI: €9689 - €12549) for the electrocautery 

group and €14423 (95% CI: €12239 - €16606) for the rFSH group, resulting in 

significantly lower costs (P<0.05) per first live birth for the electrocautery group 

(mean difference €3247; 95% CI €650 - €5814). 

All live births after randomization

Of the 140 women that had a first live born child, 90 had a second child, 24 

had a third child and 4 had a fourth live born child. Including the second, 

third and fourth children, the total number of live births during the follow up 

period was 134 (52%) in the electrocautery group and 124 (48%) in the rFSH 

group. Additional treatment was needed in 70 of 134 women (52%) who had 

undergone electrocautery versus 84 of 124 women (68%) who had been 

allocated to the rFSH strategy.
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Table 3: Average use of resources per woman until conception for all live births of the electrocautery 
strategy and rFSH strategy and unit prices

Treatment

Electrocautery strategy
(n=83)

rFSH strategy
(n=85)

Price/unit (€)

Clomiphene citrate (50 mg tablet)a 25 (28) 7 (15)* 0.50

Recombinant FSH (75 IU)a 51 (91) 116 (105)* 33.49

hCG (5.000 IU)a 4 (5) 7 (6)* 4.64

IUIa 0.9 (2.1) 0.6 (1.5) 465

IVFa 0.3 (0.9) 0.4 (0.8) 2619

ICSIa 0 0 2835

Cryopreserved embyosa 0.03 (0.2) 0.08 (0.5) 426

Ultrasound visita 25 (19) 24 (21) 163

Electrocautery 1.05 0.09 (0.3) 1151

Diagnostic laparoscopy - 1 676
a Values are mean (SD) 
*Significant difference (P<0.05) between use of treatment 

Average use of resources for all live births is presented in table III. Mean costs for 

use of resources are presented in table IV. When all live births were taken into 

the analysis, the mean treatment cost per woman  after 8 to 12 years of follow-

up for clomiphene citrate, rFSH and hCG were lower in the electrocautery 

strategy group than in the rFSH group (cost difference € 2188: 95% CI: €1137 

- €3239). When the costs for IUI and IVF and additional electrocautery were also 

included, the mean (95% CI) total treatment costs per woman were €8226 (95% 

CI: €6851 - €9601) for the electrocautery strategy versus €10017 (95% CI: €7749 

- €12285) for the rFSH strategy (cost difference: €1791; 95% CI:  -€744 to €4325). 

Of all live births 241 (93%) were singleton pregnancies and 17 (7%) were multiple 

pregnancies of which one was a triplet. There were 7 twins out of 134 deliveries 

(5%) after electrocautery versus 10 twins out of 124 deliveries (8%) in the rFSH 

strategy (RR: 0.65; 95% CI: 0.25 - 1.6). All twin pregnancies occurred in stimulated 

cycles, of which two such pregnancies occurred after IVF in both study groups. The 

mean delivery costs were €5820 (95% CI: €4841 to €6800) in the electrocautery 

strategy versus €5628 (95% CI: €4496 to €6760) in the rFSH strategy.  

The mean total costs, including delivery, per woman in the followup period after 

randomization were €14047 (95% CI: €12318 - €15775) for the electrocautery 
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versus €15645 (€13244 - €18045) for the rFSH strategy (Cost difference:€1598; 

95% CI € -€1269 to €4466).

The mean costs per live birth including second, third and fourth children were 

lower for women allocated to electrocautery strategy (mean difference €1953; 

95% CI: €-144 to €3762). 

Table IV. Mean costs per woman per cost category for all live births in €

Electro cautery strategy
(n=83)

rFSH strategy
(n=85)

Operation

Operative procedure 1151 676*

Cost categories

Medication (clomiphene citrate-rFSH-hCG) 1729 3918*

Additional treatment costs (IUI-IVF-ICSI) 1357 1480

Monitoring 3988 3944

Total 7075 9341

Total treatment costs 8226 10017

Pregnancy and delivery 5820 5628

Direct medical costs per woman 14047 15645

*Significant difference.

Scenario analysis

In this trial, all women underwent a diagnostic laparoscopy. A more realistic 

scenario would not always require a diagnostic laparoscopy for ovulation 

induction with rFSH. In case women allocated to rFSH treatment did not undergo 

a diagnostic laparoscopy, the mean total treatment costs until conception 

leading to first live birth after randomization in the rFSH treatment arm would 

be €11031. The resulting costs difference in favour of the electrocautery 

strategy would be €1472 per woman (Bootstrap 95% CI €–825 to €3769).

CONCLUSION

In this long-term economic analysis comparing laparoscopic electrocautery of 

the ovaries versus ovulation induction with gonadotrophins in clomiphene-

resistant women with PCOS, we found that the costs for a first live born baby 

were just over €2000 lower per women allocated to electrocautery. We also 

observed that electrocautery significantly eliminated the need for ovulation 
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induction or ART for the first child. If ovulation induction was needed, 

significantly more clomiphene citrate, but significantly less rFSH was needed. 

Live birth rates were slightly higher for women allocated to laparoscopic 

electrocautery of the ovaries.  

Our analysis was based on a balanced RCT with a high follow-up rate and ITT 

analysis. This cost analysis was not performed for a societal perspective, as 

collecting costs resulting from productivity loss (indirect and time costs) would 

be vulnerable to recall bias in a retrospective study. As an approximation of 

the real costs, we extrapolated the cost for the laparoscopic electrocautery, 

ovulation induction, ART and delivery reported in other trials (8,10,11,12) and 

applied all costs for the year 2009. Costs resulting from miscarriage, ectopic 

pregnancy, immature delivery or intrauterine fetal death were not measured in 

this analysis, because no solid cost calculations for these pregnancy outcomes 

are available in the literature. Although not significant, these outcomes were 

less frequent in women allocated to laparoscopic electrocautery of the ovaries, 

so this may enlarge the described cost difference (6).

We calculated the costs of obstetric care based on prices available in the 

literature (12). Since we did not observe any differences in mode of delivery or 

complication rate between the women allocated to laparoscopic electrocautery 

or ovulation induction with gonadotrophins, we feel these data are not open 

to bias (6).

A limitation of the present study is that we do not know the child wish per 

couple over time.

We want to stress that the groups occurred by randomization at baseline, and 

thus are completely comparable. External factors could have influenced the 

effectiveness of both strategies, but the impact of these factors was potentially 

similar. The larger family size in the electrocautery strategy may be related to 

the fact that women more often return to normal ovulation after electrocautery, 

thus allowing women to conceive without further medical assistance.

This economic evaluation represents the costs in The Netherlands. It should be 

realized that costs of laparoscopic electrocautery and rFSH may differ between 

countries, and therefore our results cannot unconditionally be generalized to 

other circumstances.

In our study, all women had a diagnostic laparoscopy to rule out tubal 

obstruction and adhesions. A scenario analysis without diagnostic laparoscopy 
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preceding rFSH treatment led to a smaller cost difference in favour of 

electrocautery after randomization. The mean total costs per woman until a 

live birth after randomization were €9560 for the electrocautery strategy and 

€11708 for the diagnostic laparoscopy plus rFSH strategy and €11031 for rFSH 

without diagnostic laparoscopy. 

Data on the economic evaluation of treatment in anovulatory infertility is 

scarce and only concerns short-term outcome. A RCT comparing the direct 

and indirect costs of laparoscopic ovarian electrocautery with three cycles of 

gonadotrophins demonstrated that within 6 months after initiation of therapy 

pregnancy outcomes were similar, but the cost of a live birth was one-third 

lower in the electrocautery strategy, NZ$19640 versus NZ$29836, or  €11200 

versus €17000 (5).  Our own data reveal that the mean total costs per woman 

until an ongoing pregnancy within 12 months after randomization were slightly 

lower for women assigned to the electrocautery strategy, €5308 versus €5925. 

The estimated direct medical cost per term pregnancy including treatment and 

delivery costs for women allocated to the electrocautery strategy was €11301, 

which is 22% lower than in women allocated to rFSH treatment (8). 

We conclude that the mean treatment costs per live birth within 8-12 years 

after initial treatment are significantly lower per live birth for a strategy 

that starts with laparoscopic electrocautery compared with a strategy with 

ovulation induction with rFSH. Together with our previously published results 

that indicate electrocautery is an effective treatment, these data show that it is 

prudent to consider electrocautery as a rational treatment option for women 

with clomiphene-resistant PCOS. 
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ABSTRACT

Objective To assess long-term effects of laparoscopic electrocautery of the 

ovaries compared to ovulation induction with gonadotrophins in women with 

clomiphene citrate (CC) resistant polycystic ovary syndrome (PCOS) on the in-

cidence of pregnancy complications like gestational diabetes, hypertensive 

disorders and metabolic or cardiovascular disease. 

Design Long-term follow-up study

Setting 28 hospitals within the Netherlands

Patients168 CC-resistant woman who had participated in a RCT between 1998 

– 2001 comparing electrocautery and gonadotrophins

Interventions Postal questionnaire, search in medical files

Main outcome measures Pregnancy complications, metabolic or 

cardiovascular disease

Result(s) From 82% follow-up data were obtained. Thirteen of 68 women (19%) 

allocated to electrocautery and 14 of 63 women (22%) allocated to gonadotro-

phins had evidence for pregnancy complications (RR 0.86; 95% CI: 0.43 to 1.7). 

At follow-up, 12 of 69 (17%) women allocated to electrocautery and 13 of 69 

(19%) women allocated to gonadotrophins had evidence for metabolic or car-

diovascular disease (RR 0.90; 95% CI: 0.39 - 2.1). The risk of these was modified 

by BMI, but not by female age or treatment allocation. This study is based on 

questionnaires and data from medical files. In the absence of routine screen-

ing, underreporting in our follow-up study is likely.

Conclusion Electrocautery in women with CC-resistant PCOS does not affect 

pregnancy complications or metabolic or cardiovascular disease later in life 

compared to ovulation induction with gonadotrophins.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is the most common form of anovulatory 

infertility (1). Conform the revised diagnostic criteria established in 2003 

the disease is characterized by oligo- and / or anovulation, clinical and / 

or biochemical signs of hyperandrogenism and / or polycystic ovaries by 

ultrasound, and two of these three categories should be present for the 

diagnosis PCOS (2).

Women with PCOS have a higher risk for development of gestational diabetes 

(odds ratio (OR): 2.9; 95% confidence interval (CI): 1.7–5.1), pregnancy-induced 

hypertension (OR 3.7; 95% CI: 2.0–6.8) or pre-eclampsia (OR 3.5; 95% CI:1.95–

6.2) These data are based on a meta-analysis reporting data on 5293 pregnant 

women (721 with PCOS and 4572 controls) (3). However, with significant 

between-study heterogeneity in studies exploring the risk for gestational 

diabetes the effect of the PCOS syndrome per se is unclear. All studies in which 

pre-eclampsia was an end-point, reported a lower parity, higher BMI or more 

multiple pregnancies among women with PCOS versus controls. Subgroup 

analyses correcting for BMI were not possible and therefore the effect of PCOS 

itself on the development of pre-eclampsia is also unknown (3,4).

Later in life women with PCOS have a significant risk of impaired glucose 

tolerance or diabetes. Risks are highest in women who have both oligo-

ovulation and hyperandrogenism and the risks are further amplified by obesity 

(5,6). Many studies report that women with PCOS, whether lean or obese, 

have an increased cardiovascular risk profile with a higher blood pressure, and 

abnormal lipid profile with higher LDL, but lower HDL cholesterol and advanced 

arterial intima media thickness and coronary artery calcification compared to 

controls (7-12). Direct evidence for increased morbidity and mortality through 

cardiovascular disease is suggestive but inconclusive (13). 

The aetiology of PCOS remains unclear, but it is most likely a primary disorder 

of ovarian and/or adrenal steroidogenesis. PCOS is often accompanied by 

selective insulin resistance, in which muscle is insulin-resistant, while the 

ovaries, adrenals, and adipose tissue remain relatively sensitive to the effects 

of insulin, thereby promoting androgen production and obesity (14). Familial 
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factors related to metabolic syndrome seem to be fundamental to the 

pathogenesis of PCOS. Up to 70% of women with PCOS had at least one parent 

with the metabolic syndrome (15,16). Due to this multifactorial origin with a 

genetic predisposition, women with PCOS have an increased risk for metabolic 

and cardiovascular disease. 

Laparoscopic electrocautery of the ovaries is an established treatment 

for women with CC-resistant PCOS, with at least comparable pregnancy 

rates and lower costs as compared to immediate ovulation induction with 

gonadotrophins (17,18). Whether laparoscopic electrocautery has an effect 

on gestational diabetes, hypertensive disorders during pregnancy or the 

metabolic or cardiovascular disease has never been evaluated. 

We set out to assess these endpoints in a long-term follow-up study in women 

with PCOS that had originally participated in a multicenter randomised 

controlled trial comparing laparoscopic electrocautery of the ovaries or 

ovulation induction with gonadotrophins (19).

MATERIALS AND METHODS

Study design

We performed a follow-up study of all 168 women with CC-resistant PCOS 

that had been included in the multicentre randomised controlled trial, that 

had been performed between February 1998 and October 2001. In this trial, 

all women had chronic anovulation and polycystic ovaries as diagnosed by 

transvaginal ultrasound. Women had been resistant to CC, which was defined 

as a persistent anovulation after taking 150 mg CC daily for 5 days. For women 

allocated to ovulation induction with gonadotrophins, treatment was started 

on day three by subcutaneous injection of 75 IU recombinant gonadotrophins 

daily, according to the low dose step up protocol. The ovaries from women 

allocated to the electrocautery strategy were cauterized with a bipolar insulated 

needle electrode and each ovary was punctured 5-10 times, depending on its 

size. If women ovulated in six subsequent cycles, no further treatment was 

given. If anovulation persisted for eight weeks, treatment was followed by 

CC. Treatment was followed by gonadotrophins conform the low-dose step-
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up regime, if anovulation persisted with CC 150 mg/day for five days. From 

12 months after randomisation treatment was continued according to local 

protocol (19). The Institutional Review Board approval of the original protocol 

allowed contacting the women in the future. All women in the study had given 

informed consent for contacting them in the future.

In January 2009, all 168 women were asked to participate in the follow-up 

study. Data were obtained by a postal questionnaire and, when the information 

was not sufficient or consistent, by telephone interviews. In the questionnaire 

we asked for occurrence of pregnancy, possible complications like gestational 

diabetes or hypertensive disorders and the occurrence of diabetes type II, 

hypertension, or cardiovascular disease at the time of the questionnaire. To 

obtain additional information on pregnancy complications we searched the 

medical files of all women that became pregnant to be informed on course 

of pregnancy, laboratory results for glucose levels and blood pressure during 

pregnancy, hypertension laboratory results including proteinuria, term of 

delivery and neonatal outcome and weight. We did do a chart review of all 

women for the period they were still having fertility treatment. When the 

women were no longer under treatment the only way to obtain data was by 

asking them. We were not able to assess all diagnostic criteria at long term, 

specifically blood pressure measurement for all women at long-term.

Gestational diabetes was defined as a fasting glucose level of ≥7 mmol/L, or a 

glucose level of ≥7.8mmol/L two hours after a glucose toleration test with 75 

grams of glucose (20). Pregnancy induced hypertension (PIH) was defined as 

hypertension with a diastolic blood pressure ≥90 mm Hg, without proteinuria 

developing after 20 weeks of gestation. Pre-eclampsia was defined as 

hypertension mentioned as above complicated by proteinuria, which implies 

≥0.3 gram protein in a 24-hour urine specimen. HELLP syndrome was defined 

as a haemolytic anaemia, a platelet count below 100,000 cells/microL, serum 

LDH ≥600 IU/L or total bilirubin ≥1.2 mg/dL and serum ASAT ≥70 IU/L (21). 

The diagnosis of the metabolic syndrome in an individual requires that three 

abnormal findings are present out of the five following characteristics: Blood 

pressure 130 / 85 or higher, triglyceride levels 150 mg.dL or higher, HDL 

cholesterol levels less than 50 mg/dL, abdominal obesity greater than 35 inches 
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waist circumference, fasting glucose level 100 mg/dL or higher. In this study we 

searched for high blood pressure, diabetes and BMI.  

Statistical analysis

Pregnancy complications were expressed per pregnancy and per woman. 

Diabetes, hypertension or cardiovascular disease during follow up was 

expressed per woman. Differences in pregnancy complications and metabolic 

disease between the two study groups were expressed as relative risks with 

95% confidence intervals.

Associations and interactions between initial treatment, maternal age (at time 

of follow-up) and current BMI (<25, 25-30, >30) with metabolic or cardiovascular 

disease were analysed using logistic regression. We used SPSS 19 (IBM).

RESULTS

For the 138 women (82%) of the 168 women that had been included we had 

complete data from charts and questionnaires of whom 69 women (83%) had 

been allocated to electrocautery and 69 women (81%) to ovulation induction 

with gonadotrophins. In total 241 pregnancies leading to a live birth were 

registered during the nine to twelve years follow-up.

Evidence of gestational diabetes or hypertensive disorders during at least 

one pregnancy was present in 27 of 131 women (21%); 13 of 68 women (19%) 

allocated to electrocautery strategy and 14 of 63 women (22%) allocated to 

ovulation induction with gonadotrophins (RR 0.86; 95% CI: 0.43 to 1.7 ) (Table 

1). Three women had both diabetes and PIH, two women in the electrocautery 

strategy (four pregnancies) and one woman in the gonadotrophin strategy 

(four pregnancies).      
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Table 1: Pregnancy complications per woman during 9-12 years of follow-up

LEO (n=68)
n   (%)

rFSH (n=63)
n   (%)

GDM (%) 3   (4) 4   (6)

PIH (%) 7  (10) 8  (13)

GDM and PIH (%) 2   (3) 1   (2)

Pre-eclampsia (%) 1   (1) 0   (0)

HELLP (%) 0 1   (2)

Total 13 (19) 14 (22)

Additionally we calculated complication rates per pregnancy. When reporting 

the complication rate per pregnancy we found that 36 of 241 pregnancies 

(15%) had been complicated by gestational diabetes and / or hypertensive 

disorders (Table 2). Gestational diabetes was present in 17 of 241 pregnancies 

(7%); 8 of 130 pregnancies (6%) for women allocated to electrocautery strategy 

and 9 of 111 pregnancies for women (8%) allocated to ovulation induction with 

gonadotrophins. Hypertensive disorders were present in 27 of 241 pregnancies 

(11%); 13 of 130 pregnancies (10%) for women allocated to electrocautery 

strategy and 14 of 111 pregnancies for women (13%) allocated to ovulation 

induction with gonadotrophins. Evidence for both gestational diabetes and 

hypertensive disorders was present in 8 pregnancies. In the electrocautery 

group, seven of 130 pregnancies were twins (5%) and in the ovulation induction 

with gonadotrophins group ten of 111 (9%) were twins. All twin pregnancies 

occurred in stimulated cycles.

Table 2: Pregnancy complications per pregnancy during 9-12 years of follow-up

LEO (n=130)
n   (%)

rFSH (n=111)
n   (%)

GDM (%) 4   (3) 5   (5)

PIH (%) 8   (6) 9   (8)

GDM en PIH (%) 4   (3) 4   (4)

Pre-eclampsia (%) 1   (1) 0 

HELLP (%) 0 1   (1)

Total 17 (13) 19 (17)
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Twenty of 131 women (15%) had hypertensive disorders during pregnancy and 

six (30%) of them also had hypertension at follow-up; two women allocated 

to electrocautery and four women allocated to ovulation induction with 

gonadotrophins. Ten of 131 women (8%) had gestational diabetes and at follow-

up three women of them had diabetes, two women allocated to electrocautery 

and one women allocated to ovulation induction with gonadotrophins.

At long-term, eight to twelve years after initial treatment, 19 of 138 (14%) of 

women had evidence for diabetes, hypertension or cardiovascular disease, of 

whom 9 of 69 (13%) had been allocated to electrocautery strategy and 10 of 69 

(14%) women had been allocated to ovulation induction with gonadotrophins 

(RR 0.90; 95% CI: 0.39 - 2.1). These women were all treated with medication. 

Diabetes was treated with insulin in almost all cases, in two cases metformin 

was prescribed. Treatment for hypertension was with various medications, 

mainly thiazide diuretics, beta-blockers or calcium antagonists. Three women 

had both diabetes and hypertension, all of them were originally allocated to 

ovulation induction with gonadotrophins (Table 3).

Table 3: Incidence of metabolic and cardiovascular diseases a decade after initial treatment for CC 
resistance per woman

LEO (n=69)
n (%)

rFSH (n=69)
n (%)

DM type 2 (%) 3 (4) 2 (3)

Hypertension (%) 5 (7) 5 (7)

DM type 2 and hypertension (%) 0 3 (4)

Cardiovascular disease (%) 1 (1) 0

Total 9 (13) 10 (14)

In a logistic regression analysis BMI were found to be independently associated 

with occurrence of metabolic and cardiovascular disease, there was no 

association with age or fertility treatment (Table 4). The chance to develop 

metabolic and cardiovascular disease correlates with BMI – the odds ratio for 

women with a BMI above 30 versus women with a BMI below 25 was 10.2 (95% 

CI: 2 – 50). There was no interaction between BMI and maternal age.
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Table 4: Adjusted odds ratio with 95% CI for original treatment group, female age and BMI with 
occurrence of metabolic and cardiovascular diseases

OR 95% CI p-value

FSH versus electrocautery 1.2 0.43 – 3.0 0.71

Age (yrs) 1.1 0.98 – 1.3 0.09

BMI group 
     <25 / 25-30
     <25 / >30

5.5
10.2

0.97 – 30.8
2.1 – 50.1

0.06
0.04

DISCUSSION

In this long-term follow-up study of women with CC-resistant PCOS, evidence 

of gestational diabetes or hypertensive disorders during at least one 

pregnancy was present in just over 20% of these women. We found that 13 of 

68 women (19%) allocated to electrocautery strategy and for 14 of 63 women 

(22%) allocated to ovulation induction with gonadotrophins had evidence 

for gestational diabetes or hypertensive disorders during pregnancy (RR 0.86; 

95% CI: 0.43 to 1.7). At the moment of contact, 9 of 69 (13%) women allocated 

to electrocautery strategy and 10 of 69 (14%) women allocated to ovulation 

induction with gonadotrophins had evidence for diabetes, hypertension or 

cardiovascular disease (RR 0.90; 95% CI: 0.39 - 2.1). We found no differences 

between women originally being treated by laparoscopic electrocautery of 

the ovaries versus ovulation induction with gonadotrophins in women with 

clomiphene resistant PCOS. The risk of metabolic or cardiovascular disease was 

modified by BMI, but not by female age or treatment.

This study is the first to compare the impact of laparoscopic electrocautery for 

gestational diabetes, hypertensive disorders during pregnancy and metabolic 

or cardiovascular disease in women with PCOS in a setting of a long term follow 

up of a randomised controlled trial, with a high follow-up rate. 

The incidence of gestational diabetes or hypertensive disorders during 

pregnancy in our population was around 20% per women. In a post-hoc power 

analysis we calculated that of the 138 women of whom we had complete data,  

we would be able to detect a difference of 15% with an alpha of 5% and a 

power of 80%.
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A weakness of our study is that the analyses are based on questionnaires and 

data from medical files. In the absence of routine screening, underreporting 

in our follow-up study is likely. The incidence of metabolic syndrome in 

women without PCOS aged 20 to 39 is approximately 18 to 19 percent (22). 

In our population 14% had a metabolic disease, like diabetes, hypertension or 

cardiovascular disease.  Although we did not determine metabolic syndrome 

our data suggests that the prevalence of metabolic syndrome in women 

with PCOS is slightly lower compared to the normal population. Our women 

were not obese. It may be that obesity is the main trigger in the development 

of metabolic syndrome.  The risk of hypertension in our population was 

nine percent and the risk of diabetes type II was six percent per pregnancy. 

Incomplete testing of glucose levels may have led to the low incidence of 

gestational diabetes. Higher birth weight, above four kg, is associated with an 

increased risk of diabetes. The mean weight of the children in our group was 

3400 grams and only 8% of neonates were above 4000 gram and in 50% of 

these cases gestational diabetes was ruled out by normal glucose values. As this 

long term follow up study is based on a randomized controlled trial we expect 

that underreporting for women allocated to electrocautery and for women 

allocated to gonadotrophins would be comparable. A further limitation of our 

study is that it is a follow-up study, reporting on data for which the original 

study was not designed.                                                                                                                           

Metabolic changes have been reported after electrocautery. Leptin, VEGF 

and homocysteine levels seem to decrease after ovarian surgery and 

hyperinsulinaemic women may become less insulin resistant after surgery 

(23). Our data suggest that these metabolic changes have no influence on 

gestational diabetes, hypertensive disorders during pregnancy and metabolic 

or cardiovascular disease.

According to the advice from the ESHRE / ASRM consensus meeting every 

obese woman with PCOS should be tested for hypertension, lipid profile and 

glucose levels (24). As also found by previous studies we found that BMI and 

older age are independent risk factors for metabolic disease. Women with PCOS 

have a higher risk of gestational diabetes, which underscores the importance 

of following the guidelines for screening PCOS women during pregnancy.
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Before the era of laparoscopic electrocautery anovulatory women with PCOS 

underwent an ovarian wedge resection. In one age matched case control study 

of women with a mean age of 50 years who underwent ovarian wedge resection 

the women with PCOS were more centrally obese, and by menopause 16% had 

developed diabetes and 40% hypertension. The authors proposed a model in 

which women with PCOS had a sevenfold higher incidence of diabetes and 

three fold higher prevalence of hypertension (25). However, no comparison has 

ever been made between women with PCOS with or without ovarian wedge 

resection.

One study that compared the effect of laparoscopic electrocautery of the 

ovaries in women with PCOS with and without metabolic syndrome, revealed 

that the risk for gestational diabetes during pregnancy and ovulation rates and 

cumulative pregnancy rates are comparable between groups. Therefore there 

is no reason to exclude women with metabolic syndrome from treatment with 

laparoscopic electrocautery (26).

One should realize that ovulation induction with gonadotrophins is generally 

safe but long term effects are also relatively unknown. While results regarding 

the possible association of infertility, ovulation induction medications and 

invasive ovarian cancer show no increased risk and are reassuring, results for 

increased risk for breast cancer and endometrial cancer following exposure to 

ovarian stimulation medications are inconclusive. Larger population studies 

with longer periods of follow-up and better adjustment for confounding 

factors are needed (27).

In summary, our findings indicate that laparoscopic electrocautery compared 

to ovulation induction with gonadotrophins in women with CC resistant PCOS 

has no influence on gestational diabetes or hypertensive disorders during 

pregnancy and on the occurrence of the metabolic or cardiovascular disease 

later in life.  
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SUMMARY AND IMPLICATIONS FOR FUTURE RESEARCH

Cycle abnormality is a common reason to seek counselling or treatment, 

especially for women attempting to become pregnant. Many of these women 

are subfertile due to chronic anovulation. Polycystic ovary syndrome (PCOS) is 

the most frequent cause of WHO II anovulation affecting 6 to 10% of women of 

reproductive age. Although anovulation is such a frequent cause of infertility, 

evidence on which route to follow regarding diagnosis and treatment is limited 

and many interventions are based upon tradition and consensus (1,2,3).

Subfertile ovulatory women clearly have to undergo a fertility work-up before 

eventually starting treatment. It remains to be seen if there is a rationale 

for such a work-up in anovulatory women. Although the Dutch guidelines, 

the National Institute for Health and Clinical Excellence guidelines, and the 

American Society for Reproductive Medicine indicate to explore the risk of other 

causes of subfertility in specific subgroups, such as male factor, cervical factor 

or tubal pathology, solid evidence underpinning this, is lacking. Arguments 

for additional diagnostic testing should be based on the prevalence of an 

abnormal test in combination with the costs and risk of the test. Without such 

evidence performing a work-up might lead to unnecessary burden and costs.  

When starting ovulation induction, the main goal is to achieve ovulation of 

preferably one follicle, to obtain a singleton pregnancy. Surgical ovarian 

wedge resection was the first established treatment for anovulatory PCOS 

patients, which resulted in regular menstrual cycles and pregnancies(4). This 

was abandoned because of the high incidence of adhesion formation  and 

introduction of clomiphene citrate and gonadotrophins in the 1960’s. Medical 

ovulation induction as opposed to surgical reduction of the follicle pool has 

become widespread, which is understandable given the endocrine basis of 

PCOS and the excellent results obtained. This background probably explains the 

resistance of many gynaecologists against new surgical approaches  aiming to 

create lesions in the ovaries. These considerations and emotions have probably 

made widespread implementation of laparoscopic electrocautery of the 

ovaries impossible, even though electrocautery has been shown to be superior 

to ovulation induction with gonadotrophins, because it is equally effective and 

safe, with comparable costs, but with less multiple pregnancies (5,6). 
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The work presented in this thesis started with the focus on an optimal fertility 

work-up for women with anovulatory subfertility. What are the consequences 

of a fertility work-up in these women? Hereafter we studied treatment 

regimens with the focus on short term effects of ovulation induction with 

gonadotrophins. What are – if any- the differences between recombinant 

and urinary gonadotrophins in terms of efficacy, safety, costs and patient 

acceptability and what is the value of adding metformin to ovulation 

induction with gonadotrophins. Finally we investigated the long term effects 

of laparoscopic electrocautery of the ovaries in women who fail to ovulate 

with clomiphene citrate. Is fear for negative long-term effects of laparoscopic 

electrocautery justified, or should laparoscopic electrocautery be the treatment 

of choice for women with clomiphene citrate resistant anovulation?

Chapter one

This chapter describes the clinical entity of PCOS, gives an overview of possible 

treatment strategies from an historic perspective and gives an outline and 

description of objectives in this thesis. 

Part one:  Fertility work-up

Chapter two 

The aim of a fertility work-up is to exclude recognized causes of infertility and 

to distinguish those couples who have good pregnancy prospects from those 

who have poor prospects. The question thus arises what the optimal fertility 

work-up in women with PCOS should be since anovulatory subfertile women 

have a different profile compared to ovulatory subfertile women who have had 

pregnancy chances for at least one year. To answer this question, we performed 

a systematic review of the literature to identify data on the prevalence of 

abnormal diagnostic tests and the association of these test results and the 

chances to conceive in case ovulation occurs. We distinguished three groups 

of women: women starting with clomiphene citrate as first-line treatment, 

women starting with second-line treatment if clomiphene citrate failed to 

result in pregnancy and women starting second-line treatment if clomiphene 

citrate failed to result in ovulation, i.e. clomiphene citrate-resistant women. A 

rational fertility workup in anovulatory women can only be developed if we 
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know the prevalence of other causes of subfertility, such as male factor, cervical 

factor or tubal pathology as well as the value of testing for these factors for 

pregnancy chances in these women at different stages of treatment. 

In our search we found four studies reporting on 3,017 women starting with 

clomiphene citrate as first-line treatment. The prevalence of male factor 

subfertility was 10% and in 0.3 % of couples azoospermia was found (two 

studies). The prevalence of bilateral tubal disease was 4% (two studies). Male 

factor subfertility (total motile count post processing above 1 million) was not 

associated with pregnancy chances in couples with PCOS (one study). 

Three studies reported on 462 women starting with second-line treatment if 

clomiphene citrate resulted in ovulation but failed to result in pregnancy. Semen 

parameters were not predictive for pregnancy (one study). The prevalence of 

bilateral tubal disease in these women was 8% (three studies). 

Two studies reported on 168 clomiphene citrate-resistant women and total 

motile sperm count did not predict live birth. For all other outcomes no studies 

were available. 

Based upon the scarce evidence collected in this review it is impossible to 

make firm recommendations for the performance and timing of the basic 

fertility work-up in anovulatory women. It is our personal view that the basic 

fertility work-up in women starting with clomiphene citrate as first- line 

treatment should be limited to a semen analysis. Compared to subfertile 

ovulatory women, 25 times as many semen analyses should be performed to 

detect one abnormal sperm test. Still,  as a semen analysis is an inexpensive 

test without any risk, doing this test remains beneficial.  This does not apply to 

tubal patency testing. As only 4% of women have bilateral tubal obstruction, 

and tubal patency tests are expensive and have a higher risk of complications 

as compared to a semen analysis, tubal patency testing should not be carried 

out in these women. 

Our advice is to start ovulation induction with clomiphene citrate for every 

woman with PCOS, except for those with azoospermia. In women who need to 

start second-line treatment if clomiphene citrate failed to result in pregnancy 

or ovulation we suggest to perform a tubal patency test. We found that 

bilateral tubal disease was observed in 4% of women starting with first-line 

treatment, while 8-9% of women starting second line treatment had evidence 

for bilateral tubal obstruction. This is comparable to women with other causes 

of subfertility, which may validate assessment of patency of the tubes. Earlier 
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testing means more frequent unnecessary testing, carrying additional risks and 

generating costs. In women with clomiphene citrate-resistance laparoscopic 

electrocautery is superior over ovulation induction with gonadotrophins and 

tubal assessment can easily be performed during the same procedure. 

Chapter three

The question whether a postcoital test should be performed could not be 

answered in the previous chapter. Chapter three describes the result of a 

prospective follow-up study which was performed to examine the capacity 

of the postcoital test  to predict pregnancy in WHO II anovulatory women 

who become ovulatory on clomiphene citrate. In this study, 251 women were 

included and a postcoital test  was planned in one of the first three ovulatory 

cycles. Regardless of the postcoital test result, women continued ovulation 

induction with clomiphene citrate for at least six ovulatory cycles. The primary 

outcome was time to ongoing pregnancy. In 152 women the postcoital test 

was performed; 41 women were pregnant before the postcoital test, 10 had 

persistent anovulation, and for various reasons the postcoital test was not 

performed in the remaining 48 women. Among the 152 women, 107 had a 

positive postcoital test and 45 women had a negative postcoital test result. For 

17 women with a negative test this could not be repeated as indicated. In most 

cases because women were pregnant (n=6), switched (n=2) or discontinued 

(n=4) treatment. The ongoing pregnancy rate was 45/107 (42%) for women 

with a positive test and 10/28 (36%) for women with a negative postcoital test. 

The proportional hazard analysis showed that the postcoital test results had no 

influence on time to ongoing pregnancy, with a HR of 1.3 (95% CI 0.64 – 2.5). 

When ranking women, with a well-timed PCT, based on clarity of the mucus, 

women with clear mucus had a significantly higher change of an ongoing 

pregnancy. Thirty five of 77 (46%) women with clear mucus had an ongoing 

pregnancy versus 12 of 45 (27%) women in whom the mucus was not clear 

(HR 2.0; 95% CI 1.02-3.84, p=0.04). Compared to all other groups, the subgroup 

of women with a negative PCT and cervical mucus of poor quality had the 

lowest chance on an ongoing pregnancy (22%). This could in theory be the 

group that benefits from doing a PCT and a mucus determination. However, 

this group accounted for only 7 % of the 250 women included in this study 

and therefore probably not worth of doing, especially since the PCT may result 

in emotional stress. In summary, the findings of this prospective cohort study 
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demonstrated that the postcoital test has only limited value in women with 

WHO II anovulation, ovulatory with CC.  We advocate that women who start 

ovulation induction with CC can safely do so without performing a PCT. 

Part two: Ovulation induction with gonadotrophins

Chapter four

Once ovulation induction with gonadotrophins is started in case women 

fail to ovulate or fail to get pregnant with clomiphene citrate, urinary and 

recombinant preparations are available and a decision must be made which 

one to use. Differences between recombinant and urinary gonadotrophins 

in the efficacy, safety, costs and patient acceptability are of importance. The 

latest review comparing these two medication dates from 2001. We searched 

for more recent data in the Cochrane, Medline and Embase databases up 

to November 2008. An additional three randomised controlled trials were 

found. A total of six randomised controlled trials were included in this review 

comparing recombinant and urinary gonadotrophins for ovulation induction. 

Four trials compared follitropin alpha with highly purified urofollitropin, one 

trial compared follitropin alpha with highly purified human menopausal 

gonadotrophins and one trial compared follitropin beta with highly purified 

urofollitropin. A total of 862 women were included. Pooling these data resulted 

in a significantly higher ovulation rate after recombinant gonadotrophins in 

comparison to urinary gonadotrophins (OR 1.40; 95% CI 1.03–1.92). This did 

not lead to higher pregnancy rates. No significant differences were observed 

for live birth rate (OR 1.12; 95% CI 0.75–1.66), ongoing pregnancy rate (OR 1.27; 

95% CI 0.78–2.07), clinical pregnancy rate (1.13; 95% CI 0.67–1.89) or multiple 

pregnancy rate (OR 0.68; 95% CI 0.34–1.36). Only one case of severe ovarian 

hyperstimulation syndrome was reported for all women included. The costs 

per cycle were compared in two trials and in both the cost per cycle was higher 

for recombinant gonadotrophins as compared to urinary gonadotrophins even 

though in both trials a lower recombinant dose could be used, with a shorter 

duration of stimulation. Both preparations were acceptable for women and the 

patient acceptability was mainly influenced by the mode of administration. 

Summarizing these data we conclude that there is no difference in effectiveness, 

safety and acceptability between recombinant and urinary gonadotrophins. 
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Recombinant gonadotrophins may be more convenient to use due to the 

ease of self-administration, but they are also more expensive than the urinary 

products. 

Chapter five

Insulin resistance is a common feature of PCOS. The association between 

insulin resistance and anovulation has led to a novel and promising therapy 

of administering insulin-sensitising drugs to women with PCOS in an effort 

to restore ovulation and enhance pregnancy. Of the insulin-sensitising drugs, 

metformin has been the one studied most widely and has the most reassuring 

safety profile.

We evaluated the use of metformin added to gonadotrophins for ovulation 

induction. This review relied on the search strategy developed for the 

Cochrane Menstrual Disorders and Subfertility Group and described in the 

Cochrane database. In this Cochrane review we selected studies that compared 

metformin with placebo during ovulation induction with gonadotrophins in 

women with PCOS, starting second line treatment if clomiphene citrate failed to 

result in ovulation or pregnancy. Four studies were included in this review, with 

a total of 154 women. None of the trials demonstrated a significant difference 

in the primary outcome live birth rate or ongoing pregnancy rate (OR 2.18, 

95% CI 0.93 - 5.08). Clinical pregnancy rate was significantly higher for women 

treated with metformin (OR 2.35, 95% CI 1.12 - 4.93). There was no evidence for 

a difference in ovarian hyperstimulation syndrome rate (one trial; OR 0.32; 95% 

CI 0.01 to 8.23). However, as the power to show a difference was too low due to 

number and size of the individual trials, and as the clinical pregnancy rate was 

significantly in favour of the use of metformin, we suggest that metformin can 

be used in all women starting ovulation induction with gonadotrophins, with 

the caveat that more trials on the subject are needed.

Chapter six 

Guidelines on treatment strategies for ovulation induction in women with 

anovulation currently do not provide evidence based advice on when 

treatment in women ovulatory with clomiphene citrate should be switched to 

ovulation induction with gonadotrophins and / or intrauterine insemination. 

The NICE guidelines recommend (without evidence) intrauterine insemination 

and prolonged ovulation induction with clomiphene citrate in women that 
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ovulate on clomiphene citrate but do not conceive. This chapter presents the 

protocol for a multicentre randomised controlled trial within the Netherlands in 

which the most optimal treatment strategy for women with clomiphene citrate 

failure will be explored (M-OVIN study). Pregnancy rates with gonadotrophins 

can expected to be higher than with clomiphene citrate in women that do 

not conceive after six ovulatory cycles on clomiphene citrate. The downside 

is that ovulation induction with gonadotrophins implies daily injections of 

gonadotrophins combined with concurrent blood and ultrasound monitoring 

of follicular growth and development. There is a risk of multifollicular 

development, despite careful dose adjustment and monitoring, due to the 

inherent nature of PCOS. Also, injectable gonadotrophins are expensive and 

the frequent monitoring of follicular growth adds substantially to this. Extra 

costs are generated because treatment cycles often have to be cancelled 

to minimize the risks of multiple pregnancy and, more rarely, of ovarian 

hyperstimulation syndrome. In intrauterine insemination motile spermatozoa 

are concentrated and placed directly into the uterine cavity, in closer proximity 

to the released oocyte than is the case after vaginal intercourse. There have 

been no trials that studied the effect of intrauterine insemination in women 

undergoing ovulation-induction with clomiphene citrate or gonadotrophins 

for oligo- or anovulation. Still, intrauterine insemination is often added to 

ovulation induction with clomiphene citrate or gonadotrophins. Intrauterine 

insemination is expected to result in higher pregnancy rates than intercourse 

but requires extra laboratory work and more hospital visits and is therefore 

more expensive.

The objective of this study is to assess the cost-effectiveness of extended 

treatment with clomiphene citrate compared to treatment with gonadotrophins 

and / or the use of intrauterine insemination, in women who had six ovulatory 

cycles after clomiphene citrate, but did not conceive. Primary outcome will be 

birth of a healthy child. Secondary outcomes are clinical pregnancy, ongoing 

pregnancy, miscarriage, multiple pregnancy, patients’ preference and costs. 

Two comparisons will be made, one in which clomiphene citrate is compared 

to gonadotrophins and one in which the addition of intrauterine insemination 

is compared to intercourse.
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Part 3:  Long-term outcomes after laparoscopic 
electrocautery of the ovaries

Chapter seven

Laparoscopic electrocautery of the ovaries is an alternative to ovulation 

induction with gonadotrophins in women with clomiphene citrate-resistant 

PCOS and frequently leads to ovulation, but adhesion formation has been 

described for up to 70 percent. In view of this, there are ongoing concerns 

about long-term effects of electrocautery, for example secondary infertility 

due to tubal obstruction or premature ovarian failure. Data from proper 

cohorts comparing these two methods on pregnancy rate, including ectopic 

pregnancy rate and menstrual cycle regularity are lacking. We performed a long-

term follow-up study of a randomised controlled trial comparing laparoscopic 

electrocautery of the ovaries and ovulation induction with gonadotrophins in 

women with clomiphene citrate-resistant PCOS. In this trial 168 clomiphene 

citrate-resistant women with PCOS were included between 1998 and 2001. All 

women had anovulation and polycystic ovaries on ultrasound. These women 

were allocated to electrocautery strategy entailing laparoscopic electrocautery 

of the ovaries followed by ovulation induction with clomiphene citrate or 

gonadotrophins when anovulation persisted compared to ovulation induction 

with gonadotrophins. The ovaries of women allocated to electrocautery were 

cauterized with an Erbotom ICC 350 Unit (Erbe; Zaltbommel, Netherlands), 

bipolar insulated needle electrode and  each ovary was punctured randomly 

5-10 times, depending on its size. The automatic stop function guaranteed a 

reproducible coagulation time. If women ovulated in six subsequent cycles no 

further treatment was given. If anovulation persisted for eight weeks, treatment 

was followed by clomiphene citrate. Treatment was followed by recombinant 

gonadotrophins if anovulation persisted with clomiphene citrate 150 mg 

per day for five days. Women allocated to the recombinant gonadotrophins 

strategy were treated with recombinant gonadotrophins starting on day three 

of the cycle according to the low-dose step-up regime. 

After eight to twelve years of follow-up we were able to obtain follow-

up data for 159 of the 168 women (95%): 79 of 83 women allocated to the 

electrocautery strategy (95%) and 80 of 85 women allocated to ovulation 

induction with gonadotrophins (94%). The cumulative proportion of women 

with a first child was 86% (71 of 83 couples) for women who had been allocated 
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to electrocautery versus 81% (69 of 85 couples) for women who had been 

allocated to ovulation induction with gonadotrophins (RR 1.1; 95% CI: 0.92 

to 1.2). Treatment with electrocautery resulted in a significantly lower need 

for stimulated cycles to reach a live birth; 53% after electrocautery versus 

76% after ovulation induction with gonadotrophins (RR 0.69; 95% CI 0.55 to 

0.88). The cumulative proportion of women with a second child was 61% after 

electrocautery versus 46% after ovulation induction with gonadotrophins 

(RR 1.4; 95% CI: 1.00 to 1.9). Overall, there were 7 twins out of 134 deliveries 

(5%) after electrocautery versus 10 twins out of 124 deliveries (8%) in women 

allocated to gonadotrophins (RR 0.65; 95% CI: 0.25 to 1.6). Miscarriage rate 

and ectopic pregnancies were comparable. Thus, after 8–12 years of follow-

up the cumulative chances of delivering at least one live born baby were not 

lower for women allocated to the electrocautery strategy group compared 

to women allocated to the gonadotrophin strategy, but 5% higher, though 

not significantly different. We also observed that electrocautery significantly 

increased the number of women with a second child. Electrocautery eliminated 

the need for ovulation induction or ART for the first child. The high intrauterine 

pregnancy rate and low ectopic pregnancy rate clearly demonstrate that post-

operative adhesion formation, if at all present, is not an important clinical 

problem. None of the women in our study had peri-operative complications. 

Chapter eight

Costs do play an important role in deciding which treatment to give to a woman. 

As available data only concerns short-term outcome, we assessed the long-

term costs of laparoscopic electrocautery of the ovaries compared to ovulation 

induction with gonadotrophins in women with clomiphene-resistant PCOS. 

Given the equivalence between the two treatment strategies in terms of a 

first live birth, our economic analysis focused on the cost difference between 

the two strategies within a mean follow-up time of eight to twelve years. 

The mean costs per first live birth after randomisation were €11,176 (95% CI 

€9,689 to €12,549) for the electrocautery group and €14,423 (95% CI €12,239 

to €16,606) for women allocated to ovulation induction with gonadotrophins, 

resulting in significantly lower costs per first live birth for women allocated to 

the electrocautery group (mean difference €3,220; 95% CI €650 to €5,790).  We 

observed that electrocautery significantly eliminated the need for ovulation 

induction or ART for the first child. If ovulation induction was needed, 
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significantly more clomiphene citrate, but significantly less rFSH was needed. 

With this long-term follow-up study we have shown that both laparoscopic 

electrocautery of the ovaries and ovulation induction with gonadotrophins 

are safe and effective treatments in women with clomiphene citrate resistant 

PCOS. Laparoscopic electrocautery of the ovaries results in significantly lower 

costs per live birth than ovulation induction with gonadotrophins. 

Chapter nine

Women with PCOS have a higher risk for development of gestational diabetes 

or hypertensive disorders during pregnancy and metabolic or cardiovascular 

disease at long-term. Insulin resistance and genetic predisposition for 

metabolic syndrome play an important role. In the same women described in 

chapter seven we additionally evaluated whether laparoscopic electrocautery 

has an effect on occurrence of gestational diabetes, hypertensive disorders 

during pregnancy or metabolic or cardiovascular disease. The mean female 

age at follow-up was 40 years and the average BMI was 27.5. In total, 13 of 

68 women (19%) allocated to electrocautery strategy and for 14 of 63 women 

(22%) allocated to ovulation induction with gonadotrophins had evidence 

for gestational diabetes or hypertensive disorders during pregnancy (RR 0.86; 

95% CI 0.43 to 1.7). At the moment of contact, 12 of 69 (17%) women allocated 

to electrocautery strategy and 13 of 69 (19%) women allocated to ovulation 

induction with gonadotrophins had evidence for diabetes, hypertension, 

cardiovascular disease (RR 0.90; 95% CI 0.39 - 2.1). The risk of these metabolic 

or cardiovascular disease was modified by BMI, but not by female age or 

treatment. Fifty-four per cent of the women allocated to electrocautery 

had a regular menstrual cycle 8–12 years after randomisation versus 36% in 

those allocated to ovulation induction with gonadotrophins (RR: 1.5; 95% 

CI: 0.87–2.6). No women had her last menstruation more than one year ago. 

We conclude that laparoscopic electrocautery of the ovaries in women with 

clomiphene citrate resistant PCOS does not affect pregnancy complications or 

metabolic or cardiovascular disease later in life compared to medical ovulation 

induction with gonadotrophins.
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Recommendations and implications for future research

The findings in this thesis demonstrate that there is no rationale for a complete 

fertility work-up in women with PCOS except for a semen analysis when women 

start ovulation induction with clomiphene citrate. A postcoital test in women 

ovulatory with clomiphene citrate only leads to additional burden and costs, 

without an increase in pregnancy rate and should therefore not be performed. 

Tubal patency testing should be performed when first-line treatment fails. 

Once there is an indication for ovulation induction with gonadotrophins, 

because women fail to get pregnant with clomiphene citrate or fail to ovulate 

or get pregnant after laparoscopic electrocautery in women with clomiphene 

citrate-resistant PCOS, urinary and recombinant gonadotrophins are equally 

effective for ovulation induction. Thus the gonadotrophin with the lowest costs 

and highest patient acceptability is the gonadotrophin of choice. We suggest 

that metformin can be added to ovulation induction with gonadotrophins, 

as this lead to a higher clinical pregnancy rate and non-significant induction 

of ongoing pregnancy rate, under the statement that more trials are needed. 

Laparoscopic electrocautery should be the treatment of first choice for women 

with clomiphene citrate-resistant PCOS as this leads to more live born children 

with lower costs per live born child as compared to ovulation induction with 

gonadotrophins. 

The addition of metformin to gonadotrophins for ovulation induction  leads 

to a significantly higher clinical pregnancy rate. The chance for an ongoing 

pregnancy rate / live birth rate was two times higher with the addition of 

metformin, but this did not lead to a significant difference. Only four studies 

were included in this review, with a total of 154 women. A beneficial effect of 

metformin on live birth rate is very likely and with an additional trial added 

to this meta-analysis enough power would be reached to assess a statistical 

significant difference. 

Laparoscopic electrocautery is the dominant strategy in women with 

clomiphene citrate-resistant anovulation in terms of live birth rates and costs.  

Electrocautery in women with clomiphene citrate-resistant PCOS does not 

affect pregnancy complications or metabolic or cardiovascular disease later 

in life compared to ovulation induction with gonadotrophins. However, these 
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data are solely based on postal questionnaires. Value would be added to these 

data when blood pressure, glucose levels and ovarian reserve by ultrasound 

and / or FSH / AMH value are measured in these women. 

We do not know when to switch to ovulation induction with gonadotrophins 

when women ovulate with clomiphene citrate but do not get pregnant. The 

guidelines now indicate to continue for six to twelve cycles. The data to provide 

the answer which treatment should be continued after six ovulatory cycles 

with clomiphene citrate will become available once the M-OVIN study has 

been completed.  
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SAMENVATTING EN IMPLICATIES VOOR TOEKOMSTIG 
ONDERZOEK

Een cyclusstoornis is, vooral bij vrouwen met kinderwens, een veel voorkomende 

reden om medische begeleiding of behandeling te zoeken. Veel van deze 

vrouwen zijn verminderd vruchtbaar als gevolg van chronische anovulatie. 

Het polycysteus ovariumsyndroom (PCOS) is de meest voorkomende 

oorzaak van WHO type II anovulatie. PCOS komt bij 6-10% van de vrouwen 

van reproductieve leeftijd voor. Hoewel chronische anovulatie een veel 

voorkomende oorzaak van subfertiliteit is, is onbekend welke onderzoeken 

zinvol zijn voor de start van de behandeling. Tevens is onbekend wat de meest 

effectieve vervolgbehandelingen zijn, indien eerstelijnstherapie niet succesvol 

is. Veel interventies zijn gebaseerd op traditie en consensus (1,2,3).

Voor subfertiele ovulatoire vrouwen adviseert de richtlijn een oriënterend 

fertiliteitsonderzoek, voordat gestart wordt met behandeling. Het is 

onduidelijk of dit ook geldt voor anovulatoire vrouwen. Hoewel de Nederlandse 

richtlijnen, het ‘National Institute for health and Clinical Excellence’ (NICE; de 

engelse richtlijn), en de ‘American Society for Reproductive Medicine’ (ASRM; 

de amerikaanse richtlijn) het advies geven om het risico van andere oorzaken 

van subfertiliteit, zoals mannelijke factor, cervix factor of tubapathologie, 

in specifieke subgroepen uit te sluiten, ontbreekt hiervoor solide bewijs en 

onderbouwing. Argumenten voor aanvullende diagnostiek dienen te worden 

gebaseerd op de incidentie van een abnormale testuitslag in combinatie met 

de kosten en het risico van de test. Zonder deze gegevens zou het verrichten 

van een oriënterend fertiliteitsonderzoek kunnen leiden tot onnodige belasting 

en kosten.

Bij het starten van ovulatie-inductie is het belangrijkste doel het te weeg brengen 

van een ovulatie van bij voorkeur één follikel, om een eenlingzwangerschap 

te bereiken. Chirurgische ovariële wigresectie was de eerste behandeling 

voor anovulatoire vrouwen met PCOS, die leidde tot een ovulatoire cyclus en 

zwangerschappen (4). Deze behandeling raakte in onbruik vanwege de hoge 

incidentie van adhesievorming en de introductie van clomifeencitraat en 

gonadotrofines rond 1960. Medicamenteuze ovulatie-inductie wordt zeer veel 

toegepast, in tegenstelling tot chirurgische verkleining van de follikel pool,  

wat begrijpelijk is gezien de endocriene basis van PCOS en de uitstekende 
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resultaten. Dit verklaart mogelijk de weerstand van veel gynaecologen 

tegen nieuwe chirurgische benaderingen, die gericht zijn om laesies te 

creëren in de ovaria. Deze overwegingen en emoties hebben grootschalige 

toepassing van laparoscopische elektrocoagulatie van de ovaria beperkt, 

hoewel de elektrocoagulatie in vergelijkende studies superieur is gebleken 

ten opzichte van ovulatie-inductie met gonadotrofines. De behandelingen 

zijn vergelijkbaar in effectiviteit, veiligheid en kosten, maar met minder 

meerlingzwangerschappen (5,6).

Het eerste deel van dit proefschrift is gericht op het vinden van een 

optimaal oriënterend fertiliteitsonderzoek voor vrouwen met anovulatoire 

subfertiliteit. Vervolgens bestudeerden we verschillende behandelschema’s 

met name gericht op de effectiviteit, veiligheid, kosten en aanvaardbaarheid 

van ovulatie-inductie met recombinante en urinaire gonadotrofines en de 

eventuele toegevoegde waarde van metformine aan ovulatie-inductie met 

gonadotrofines. In het laatste deel van dit proefschrift onderzochten we de 

lange termijn effecten van laparoscopische elektrocoagulatie van de ovaria bij 

vrouwen die niet ovuleren met clomifeencitraat. 

Hoofdstuk één

In dit hoofdstuk wordt het polycysteus ovarium syndroom beschreven en 

wordt een overzicht gegeven van mogelijke therapeutische strategieën vanuit 

een historisch perspectief. Dit hoofdstuk geeft tevens een beschrijving van de 

doelstellingen in dit proefschrift.

Deel één : oriënterend fertiliteits onderzoek

Hoofdstuk twee

Het doel van een oriënterend fertiliteitsonderzoek is het uitsluiten of 

aantonen van bekende oorzaken van subfertiliteit en het onderscheiden van 

paren die een goede zwangerschapskans hebben van paren die een slechte 

zwangerschapskans hebben. Derhalve rijst de vraag wat een oriënterend 

fertiliteitsonderzoek bij vrouwen met PCOS zal opleveren, omdat subfertiele 

anovulatoire vrouwen een ander profiel hebben dan ovulatoire subfertiele 

vrouwen, die al een jaar een zwangerschapskans hebben gehad, voordat 
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verder onderzoek wordt verricht. Om deze vraag te kunnen beantwoorden, 

hebben we een systematisch onderzoek van de literatuur verricht. Gegevens 

over de prevalentie van een abnormale diagnostische test en de bijdrage 

van deze resultaten op het vaststellen van de zwangerschapskans wanneer 

een vrouw ovulatoir wordt, werden verzameld. We onderscheiden drie 

groepen van vrouwen: vrouwen die beginnen met clomifeencitraat als 

eerstelijnsbehandeling, vrouwen die beginnen met tweedelijnsbehandeling 

als clomifeencitraat niet resulteert in zwangerschap en vrouwen die beginnen 

met tweedelijnsbehandeling als clomifeencitraat niet leidt tot een ovulatie, 

met andere woorden clomifeencitraat-resistente vrouwen. Een waardevol 

oriënterend fertiliteitsonderzoek bij anovulatoire vrouwen kan alleen worden 

opgesteld wanneer de prevalentie van andere oorzaken van subfertiliteit, 

zoals mannelijke factor, cervix factor of tubapathologie, alsmede beïnvloeding 

van deze factoren op de zwangerschapskansen bekend zijn. Na een 

uitgebreide zoekstrategie werden vier artikelen geïncludeerd. Deze artikelen 

rapporteerden over 3017 vrouwen die begonnen met clomifeencitraat als 

eerstelijnsbehandeling. De prevalentie van een mannelijke factor was 10 

% en bij 0,3 % van de paren werd azoöspermie gediagnosticeerd (twee 

onderzoeken). De prevalentie van bilaterale tuba pathologie was 4 % (twee 

onderzoeken). Verminderde mannelijke fertiliteit werd niet geassocieerd met 

zwangerschapskansen bij paren met PCOS (één onderzoek).

Drie onderzoeken rapporteerden over 462 vrouwen die startten met 

tweedelijnsbehandeling als clomifeencitraat resulteerde in een ovulatie, maar 

niet leidde tot een zwangerschap. Semen parameters waren niet voorspellend 

voor zwangerschap (één onderzoek). De prevalentie van bilaterale tuba 

pathologie bij deze vrouwen was 8 % (drie onderzoeken). Twee onderzoeken 

rapporteerden over 168 clomifeencitraat-resistente vrouwen en het totaal 

aantal motiele spermatozoa was niet voorspellend voor de kans op een levend 

geboren kind. Voor alle andere uitkomsten waren geen studies beschikbaar.

Op basis van de in dit literatuuroverzicht verzamelde schaarse gegevens bleek 

het niet goed mogelijk om harde aanbevelingen te doen over de uitvoering 

en timing van een oriënterend fertiliteitsonderzoek bij anovulatoire vrouwen. 

Naar ons idee dient een oriënterend fertiliteitsonderzoek voor vrouwen die 

starten met een behandeling met clomifeencitraat beperkt te worden tot een 

semenanalyse. Vergeleken met subfertiele ovulatoire vrouwen moet 25 keer zo 

vaak een semenanalyse verricht worden om eenmaal een abnormale semen 
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test te detecteren. Echter, de semenanalyse is een goedkope test zonder risico. 

Dit geldt niet voor testen die de doorgankelijkheid van de tuba bepalen. 

Omdat slechts 4 % van de vrouwen een bilaterale tuba-obstructie heeft en 

onderzoeken om de doorgankelijkheid van de tuba te bepalen duur zijn en 

een hoger risico met zich meebrengen vergeleken met een semenanalyse, is 

ons advies om deze test pas later in het traject te verrichten. 

Ons advies is om ovulatie-inductie met clomifeencitraat te starten bij elke 

vrouw met PCOS, behalve als er sprake is van azoöspermie. We stellen voor 

om tuba diagnostiek te verrichten bij de vrouwen bij wie gestart moet 

worden met tweedelijnsbehandeling, indien clomifeencitraat niet resulteert 

in zwangerschap of ovulatie. We vonden dat bilaterale tubapathologie werd 

vastgesteld bij 4 % van de vrouwen die starten met eerstelijnsbehandeling, 

terwijl 8-9 % van de vrouwen die starten met tweedelijnsbehandeling 

gediagnosticeerd werden met bilaterale tuba obstructie. Dit is vergelijkbaar met 

vrouwen met andere oorzaken van subfertiliteit, waarmee tubadiagnostiek bij 

hen gerechtvaardigd is. Eerder testen betekent vaker onnodige testen, waarbij 

extra risico’s en kosten gegenereerd worden. Bij vrouwen met clomifeencitraat-

resistentie is laparoscopische elektrocoagulatie superieur vergeleken met 

ovulatie-inductie met gonadotrofines en de beoordeling van de tubae kan 

gemakkelijk tijdens deze procedure plaatsvinden. 

Hoofdstuk drie

De vraag of een postcoïtumtest verricht moet worden kon niet worden 

beantwoord in het vorige hoofdstuk. In hoofdstuk drie wordt het resultaat 

van een prospectieve follow-up studie beschreven, die werd uitgevoerd om 

het vermogen van de postcoïtumtest te onderzoeken met betrekking tot het 

voorspellen van zwangerschap bij WHO II anovulatoire vrouwen die worden 

behandeld met clomifeencitraat voor ovulatie-inductie. In deze studie werden 

251 vrouwen geïncludeerd en de postcoïtumtest werd gepland in één van de 

eerste drie ovulatiecycli. Ongeacht de uitkomst van de postcoïtumtest werd 

ovulatie-inductie met clomifeencitraat gedurende ten minste zes ovulatoire 

cycli gecontinueerd. De primaire uitkomstmaat was de tijd tot een doorgaande 

zwangerschap. Bij 152 vrouwen werd de postcoïtumtest verricht; 41 vrouwen 

waren zwanger voordat de postcoïtumtest verricht kon worden, 10 vrouwen 

bleven anovulatoir, en om verschillende redenen werd de postcoïtumtest niet 

verricht bij de overige 48 vrouwen. Van de 152 vrouwen met een postcoïtumtest 
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hadden 107 vrouwen een positieve postcoïtumtest en 45 vrouwen een 

negatieve postcoïtumtest. Bij 17 vrouwen met een negatieve test kon de test 

niet herhaald worden zoals was geïndiceerd. In de meeste gevallen omdat de 

vrouwen zwanger waren (n=6) of omdat de vrouw overging tot een andere 

behandeling (n=2) of de behandeling beëindigde (n=4). Het percentage 

doorgaande zwangerschappen was 44/107 (41%) bij vrouwen met een 

positieve test en 10/28 (36%) bij vrouwen met een negatieve postcoïtumtest. 

Uit een analyse bleek dat de resultaten van de postcoïtumtest geen invloed 

hadden op de tijd tot een doorgaande zwangerschap met een HR van 1,3 (95% 

BI; 0,64-2,5). De resultaten van deze prospectieve cohort studie tonen aan dat 

de postcoïtumtest geen toegevoegde waarde heeft bij vrouwen met WHO II 

anovulatie die ovulatoir werden met een behandeling met clomifeencitraat. 

Het uitvoeren van een postcoïtumtest leidt alleen tot een extra belasting voor 

vrouwen en onnodige kosten.

Deel twee : ovulatie -inductie met gonadotrofines

Hoofdstuk vier

Wanneer ovulatie-inductie met gonadotrofines wordt gestart indien vrouwen 

niet ovuleren of niet zwanger worden na ovulatie-inductie met clomifeencitraat, 

zijn urinaire en recombinante preparaten beschikbaar en er moet besloten 

worden welk preparaat het beste gebruikt kan worden. Verschillen tussen de 

recombinante en urinaire gonadotrofines in de effectiviteit, veiligheid, kosten 

en aanvaardbaarheid voor de patiënt zijn van belang. De laatste meta-analyse 

die deze gonadotrofines vergeleek dateert uit 2001. Wij verrichtten een search 

in de Cochrane, Medline en Embase databases van inceptie tot november 

2008. Er waren drie onderzoeken geïncludeerd in de meta-analyse uit 2001. Wij 

vonden drie gerandomiseerde, gecontroleerde onderzoeken die niet waren 

opgenomen in deze meta-analyse. In totaal werden zes gerandomiseerde, 

gecontroleerde onderzoeken opgenomen in deze meta-analyse, waarin 

recombinante en urinaire gonadotrofines voor ovulatie-inductie werden 

vergeleken. Vier onderzoeken vergeleken follitropine-alfa met zeer gezuiverde 

uro follitropine, één onderzoek vergeleek follitropine alfa met zeer gezuiverde 

humane menopauzale gonadotrofines en één onderzoek vergeleek 

follitropine bèta met zeer gezuiverde urofollitropine. In totaal werden 862 
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vrouwen geïncludeerd. Er werd een significant hogere kans gevonden op 

ovulatie bij vrouwen die behandeld werden met recombinante gonadotrofines 

vergeleken met urinaire gonadotrofines (OR 1.4, 95 % BI 1,0-1,9). Dit leidde niet 

tot hogere zwangerschapskansen. Er werden geen significante verschillen 

waargenomen voor levendgeborenen (OR 1,1, 95% BI; 0,75-1,66), doorgaande 

zwangerschappen (OR 1,3, 95% BI; 0,78-2,1), klinische zwangerschappen (OR 

1,13, 95% BI; 0,67-1,9) of meerling zwangerschappen (OR 0,68, 95% BI; 0,34-

1,4). Slechts één casus van ernstig ovarieel hyperstimulatiesyndroom werd 

gerapporteerd. De kosten per cyclus werden vergeleken in twee onderzoeken 

en de kosten per cyclus waren significant hoger wanneer recombinante 

gonadotrofines werden gebruikt voor ovulatie inductie, hoewel in beide 

onderzoeken de dosering en behandelduur lager was wanneer recombinante 

gonadotrofines werden gebruikt. Beide preparaten waren acceptabel voor 

vrouwen en de aanvaardbaarheid voor patiënten werd vooral beïnvloed door 

de wijze van toediening. Samenvattend concluderen wij dat er geen verschil 

is in effectiviteit, veiligheid en aanvaardbaarheid tussen recombinante en 

urinaire gonadotrofines. Recombinante gonadotrofines zijn prettiger in het 

gebruik, maar zijn ook duurder dan de urinaire producten.

Hoofdstuk vijf

Insuline resistentie is een veel voorkomend verschijnsel bij PCOS. Het 

verband tussen insuline resistentie en anovulatie heeft geleid tot een 

nieuwe en veelbelovende therapie door vrouwen met PCOS te behandelen 

met insuline - sensibiliserende geneesmiddelen in een poging om ovulatie 

en zwangerschapskansen te verbeteren. Van de insuline - sensibiliserende 

geneesmiddelen, is metformine het meest bestudeerd met het beste 

veiligheidsprofiel.

We evalueerden het gebruik van metformine toegevoegd aan gonadotrofines 

voor ovulatie-inductie. Deze studie is gebaseerd op de zoekstrategie ontwikkeld 

voor de Cochrane Menstruatiestoornissen en Subfertiliteit Group en wordt in 

de Cochrane database beschreven. In dit Cochrane review selecteerden we 

onderzoeken die metformine met placebo vergeleken tijdens de ovulatie-

inductie met gonadotrofines bij vrouwen met PCOS, indien een behandeling 

met clomifeencitraat niet leidde tot ovulatie of zwangerschap. Vier onderzoeken 

werden geïncludeerd in deze studie, met in totaal 154 vrouwen. Geen van de 

onderzoeken toonde een significant verschil in het primaire eindpunt levend 

25412 Nahuis.indd   187 16-10-13   16:00



Chapter 10

188

geboren kind of percentage doorgaande zwangerschappen (OR 2,2, 95 % BI; 

0,93-5,1). Klinische zwangerschappen waren significant hoger voor vrouwen 

die werden behandeld met metformine (OR 2,4, 95 % BI; 1,1-4,9). Er waren geen 

aanwijzingen voor een verschil in ovarieel hyperstimulatie syndroom (OR 0,32, 

95% BI; 0,01-8,2). Echter, gezien het lage aantal totaal geïncludeerde vrouwen 

was het moeilijk om significante verschillen aan te kunnen tonen. Aangezien 

de kans op een klinische zwangerschap significant verhoogd was wanneer 

metformine werd toegevoegd aan ovulatie inductie met gonadotrofines, 

stellen we voor dat metformine gebruikt kan worden bij alle vrouwen die 

starten met ovulatie-inductie met gonadotrofines, met dien verstande dat 

meer onderzoeken nodig zijn om een significant verschil in levend geboren 

kinderen vast te kunnen stellen.

Hoofdstuk zes

Richtlijnen over behandelstrategieën voor ovulatie-inductie bij vrouwen 

met anovulatie zijn niet gebaseerd op wetenschappelijk bewijs over de vraag 

wanneer van de behandeling met clomifeencitraat moet worden overgeschakeld 

op ovulatie-inductie met gonadotrofines en / of intra-uteriene inseminatie. 

De NICE- richtlijn adviseert (zonder bewijs) intra-uteriene inseminatie bij 

vrouwen die langdurig ovulatie-inductie met clomifeencitraat ondergaan 

maar niet zwanger worden. Dit hoofdstuk beschrijft het protocol voor een 

multi-center gerandomiseerde gecontroleerde trial binnen Nederland waarin 

de meest optimale behandelingsstrategie voor vrouwen die wel ovuleren 

maar niet zwanger worden met clomifeencitraat wordt onderzocht (M - OVIN 

studie). Zwangerschapskansen zouden hoger kunnen zijn wanneer ovulatie-

inductie met gonadotrofines wordt gestart indien vrouwen na zes ovulatoire 

cycli met clomifeencitraat niet zwanger zijn geworden. Ovulatie-inductie met 

gonadotrofines heeft als nadelige consequentie dat dagelijks injecties moeten 

worden gegeven, eventueel in combinatie met bloedonderzoek en echoscopische 

controle van de folliculaire groei en ontwikkeling. Het risico op multifolliculaire 

ontwikkeling is aanwezig, ondanks zorgvuldige aanpassen van de dosis. Ook zijn 

injecteerbare gonadotrofines duur en de frequente controle van de follikelgroei 

zorgt er eveneens voor dat de behandeling duurder wordt. Extra kosten worden 

gemaakt wanneer de behandelcycli moeten worden gestaakt om de risico’s op 

meerlingzwangerschap en ovarieel hyperstimulatie syndroom te minimaliseren. 

Bij een intra-uteriene inseminatie worden beweeglijke spermatozoa 
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geconcentreerd en direct in de baarmoederholte geplaatst, waarbij deze dichter 

bij de eicel worden gebracht dan bij geslachtsgemeenschap. Er zijn geen studies 

die het effect van intra-uteriene inseminatie onderzochten bij vrouwen met oligo- 

of anovulatie die behandeld worden met clomifeencitraat of gonadotrofines 

voor ovulatie-inductie. Toch wordt intra-uteriene inseminatie vaak toegevoegd 

aan ovulatie-inductie met clomifeencitraat of gonadotrofines. Intra-uteriene 

inseminatie zou kunnen leiden tot een hogere zwangerschapskans, maar deze 

behandeling vereist laboratorium werkzaamheden en meer ziekenhuisbezoeken 

en is daarom duurder.

Het doel van deze studie is om de kosteneffectiviteit van behandeling met 

clomifeencitraat te vergelijken met een behandeling met gonadotrofines 

en / of het gebruik van intra-uteriene inseminatie, bij vrouwen die na zes 

ovulatoire cycli met clomifeencitraat niet zwanger zijn. De primaire uitkomst 

is de geboorte van een gezond kind. Secundaire uitkomstmaten zijn klinische 

zwangerschap, doorgaande zwangerschap, miskraam, meerlingzwangerschap, 

de voorkeur van patiënten en de kosten. Twee vergelijkingen worden gemaakt: 

één waarin clomifeencitraat wordt vergeleken met gonadotrofines en één 

waarin de toevoeging van intra-uteriene inseminatie wordt vergeleken met 

geslachtsgemeenschap.

Deel 3 : Lange termijn resultaten na laparoscopische 
elektrocoagulatie van de ovaria

Hoofdstuk zeven

Laparoscopische elektrocoagulatie van de ovaria is een alternatief voor ovulatie-

inductie met gonadotrofines bij vrouwen met clomifeencitraat-resistente 

PCOS en leidt vaak tot ovulatie, maar tot bij 70 procent van de vrouwen is 

adhesie vorming beschreven. Er bestaat daarom bezorgdheid over de lange 

termijn effecten van elektrocoagulatie, bijvoorbeeld secundaire subfertiliteit 

ten gevolge van tuba obstructie of prematuur ovarieel falen. Gegevens 

vanuit cohorten die deze twee methoden vergelijken op zwangerschapskans, 

en bijwerkingen waaronder extra uteriene graviditeit en gegevens over 

de menstruele cyclus ontbreken. We hebben een lange-termijn follow-up 

studie verricht gebaseerd op een gerandomiseerd gecontroleerd onderzoek 

waarin laparoscopische elektrocoagulatie van de ovaria werd vergeleken 
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met ovulatie-inductie met gonadotrofines bij vrouwen met clomifeencitraat-

resistente PCOS. In dit onderzoek werden 168 clomifeencitraat-resistente 

vrouwen met PCOS geïncludeerd tussen 1998 en 2001. Alle vrouwen hadden 

een anovulatoire cyclus en polycysteuse ovaria vastgesteld met echoscopisch 

onderzoek. Deze vrouwen werden gerandomiseerd voor de elektrocoagulatie 

strategie, waarbij laparoscopische elektrocoagulatie van de ovaria gevolgd 

werd door ovulatie-inductie met clomifeencitraat of gonadotrofines indien er 

een anovulatoire cyclus bleef. Deze strategie werd vergeleken met ovulatie-

inductie met gonadotrofines. De coagulatie van de ovaria werd uitgevoerd 

met een Erbotom ICC 350 Unit (Erbe , Zaltbommel, Nederland), en een 

bipolaire geïsoleerde naald elektrode. Afhankelijk van de grootte van de ovaria 

werden 5-10 puncties verricht.  Door de automatische stopfunctie was een 

reproduceerbare coagulatietijd gegarandeerd. Clomifeencitraat werd gegeven 

wanneer geen ovulatie plaatsvond binnen 8 weken na de elektrocoagulatie of 

als de vrouw weer anovulatoir werd gedurende de follow-up. Vrouwen die niet 

ovuleerden op 150 mg clomifeencitraat werden vervolgens met recombinante 

gonadotrofines behandeld conform het low-dose step-up protocol. Vrouwen 

die werden gerandomiseerd voor recombinante gonadotrofines werden 

behandeld met hetzelfde low-dose step-up protocol. 

Na een follow-up tijd van acht tot twaalf jaar konden we de gegevens verkrijgen 

van 159 van de 168 vrouwen (95%): 79 van de 83 vrouwen die gerandomiseerd 

waren voor de elektrocoagulatie strategie (95%) en 80 van de 85 vrouwen 

die waren gerandomiseerd voor ovulatie-inductie met gonadotrofines (94%). 

Binnen deze follow-up tijd bereikten 86% (71 van de 83) vrouwen die waren 

behandeld met de elektrocoagulatie strategie een zwangerschap leidend tot 

een levendgeboren kind vergeleken met 81% (69 van de 85) vrouwen die waren 

behandeld met de ovulatie-inductie met gonadotrofines strategie (RR 1,1, 95 

% BI; 0,92-1,2). Vrouwen die waren gerandomiseerd voor electrocoagulatie 

hadden significant minder gestimuleerde cycli nodig voor het bereiken van 

deze zwangerschap; 53% na electrocoagulatie versus 76% na ovulatie-inductie 

met gonadotrofines (RR 0,69, 95% CI 0,55-0,88). De cumulatieve kans op een 

tweede levendgeborene was 61% na elektrocoagulatie versus 46% na ovulatie-

inductie met gonadotrofines (RR 1,4, 95% BI; 1,00-1,9). In totaal waren er 7 

meerlingzwangerschappen van 134 totaal aantal zwangerschappen (5%) na 

elektrocoagulatie versus 10 meerlingen van 124 totaal aantal zwangerschappen 

(8%) bij na ovulatie-inductie met gonadotrofines (RR 0,65, 95% BI; 0,25-1,6). 
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Het aantal miskramen en buitenbaarmoederlijke zwangerschappen waren 

vergelijkbaar. Samenvattend hebben wij aangetoond dat na een follow-up 

periode van 8-12 jaar de kans op tenminste één  levendgeboren kind na de 

elektrocoagulatie strategie en ovulatie-inductie met gonadotrofines niet 

significant verschillend was, maar 5% hoger was voor vrouwen die werden 

behandeld met elektrocoagulatie. We concludeerden dat significant meer 

vrouwen een tweede kind kregen. Elektrocoagulatie vermindert de noodzaak 

van ovulatie-inductie of kunstmatige voortplantingstechnieken voor het 

eerste kind. De hoge kans op een intra-uteriene zwangerschap en lage kans 

op een buitenbaarmoederlijke zwangerschap bewijzen dat postoperatieve 

adhesie vorming, als deze al aanwezig is, geen belangrijk klinisch probleem 

vormt. Geen van de vrouwen had peri-operatieve complicaties. 

Hoofdstuk acht

Kosten spelen een belangrijke rol bij de keuze van een behandeling. De 

geschatte medisch kosten van de behandeling inclusief de bevallingskosten 

op korte termijn waren vergelijkbaar voor vrouwen die werden behandeld met 

elektrocoagulatie vergeleken met ovulatie-inductie met gonadotrofines. Het 

verschil in kosten op lange termijn is niet bekend. Daarom verrichtten wij een 

economische evaluatie om de kosten op lange termijn van laparoscopische 

elektrocoagulatie van de ovaria met ovulatie-inductie met gonadotrofines bij 

vrouwen met clomifeen-resistente PCOS te vergelijken.

Aangezien de kans op een eerste levendgeboren kind niet significant 

verschillend was tussen beide groepen, was onze economische analyse gericht 

op het kostenverschil tussen de twee strategieën binnen een gemiddelde 

follow-up periode van acht tot twaalf jaar. De gemiddelde kosten tot een 

eerste levendgeboren kind na randomisatie waren €11.176 (95% BI €9.689 tot 

€12.549) voor de elektrocoagulatie strategie en €14.423 (95 % BI €12.239 tot  

€16.606 ) voor de ovulatie-inductie met gonadotrofine strategie. De kosten 

voor een eerste levendgeboren kind waren significant lager voor vrouwen 

werden behandeld met elektrocoagulatie (gemiddeld verschil €3.220, 

95%CI €650 tot €5.790). De noodzaak voor ovulatie-inductie of kunstmatige 

voortplantingstechnieken voor het eerste levendgeboren kind was significant 

lager voor vrouwen in de elektrocoagulatie groep. Wanneer ovulatie-inductie 

nodig was, werd significant meer clomifeencitraat en minder gonadotrofines 

gebruikt. Samenvattend hebben we met deze lange-termijn follow-up 
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aangetoond dat zowel laparoscopische elektrocoagulatie van de ovaria als 

ovulatie-inductie met gonadotrofines veilige en effectieve behandelingen 

zijn bij vrouwen met clomifeencitraat-resistente PCOS. Laparoscopische 

elektrocoagulatie van de ovaria leidt tot significant lagere kosten per levend 

geboren kind vergeleken met ovulatie- inductie met gonadotrofines.

Hoofdstuk negen

Vrouwen met PCOS hebben een hoger risico op het ontwikkelen van 

zwangerschapsdiabetes of hypertensieve aandoeningen tijdens de 

zwangerschap en hebben eveneens een verhoogd risico op metabole of 

cardiovasculaire ziekte op lange termijn. Insuline resistentie en genetische 

aanleg voor het metabool syndroom spelen een belangrijke rol. In dezelfde 

groep vrouwen zoals beschreven in hoofdstuk zeven hebben we geëvalueerd 

of laparoscopische elektrocoagulatie van de ovaria de kans op het optreden van 

zwangerschapsdiabetes, hypertensie tijdens de zwangerschap of het ontstaan 

van metabole of cardiovasculaire ziekte beïnvloedt. De gemiddelde leeftijd bij 

de follow-up was 40 jaar en de gemiddelde BMI was 27,5. In totaal was bij 13 

van de 68 vrouwen (19%) gerandomiseerd  voor de elektrocoagulatie strategie 

en bij 14 van de 63 vrouwen (22%) gerandomiseerd voor ovulatie-inductie 

met gonadotrofines sprake van zwangerschapsdiabetes of hypertensieve 

aandoeningen tijdens de zwangerschap (RR 0,86, 95% BI; 0,43-1,7). Op het 

moment van contact leden 12 of 69 (17%) vrouwen die gerandomiseerd 

werden voor elektrocoagulatie aan diabetes, hypertensie, cardiovasculaire 

ziekte vergeleken met 13 van 69 (19%) vrouwen die gerandomiseerd werden 

voor ovulatie-inductie met gonadotrofines (RR 0,90, 95 % BI;0,39-2,1). Het risico 

op het ontstaan van deze metabole en cardiovasculaire ziekten werd beïnvloed 

door BMI, maar niet door leeftijd of behandeling. Vierenvijftig procent van 

de vrouwen gerandomiseerd voor elektrocoagulatie had een regelmatige 

menstruele cyclus 8-12 jaar na randomisatie versus 36% van de vrouwen 

die waren gerandomiseerd voor ovulatie-inductie met gonadotrofines (RR 

1,5, 95 % BI; 0,87-2,6). Geen van de geïncludeerde vrouwen had haar laatste 

menstruatie meer dan een jaar geleden. We concluderen dat laparoscopische 

elektrocoagulatie van de ovaria bij vrouwen met clomifeencitraat-resistente 

PCOS geen invloed heeft op de zwangerschapscomplicaties of metabole of 

cardiovasculaire ziekte later in het leven ten opzichte van medische ovulatie-

inductie met gonadotrofines.
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Aanbevelingen en implicaties voor toekomstig onderzoek

De resultaten in dit proefschrift tonen aan dat er geen reden is voor het 

uitvoeren van een volledig oriënterend fertiliteitonderzoek bij vrouwen 

met PCOS. Ons advies is om alleen een semenanalyse te doen voordat een 

vrouw start met ovulatie-inductie met clomifeencitraat. Een postcoïtumtest 

bij vrouwen die ovulatoir zijn door middel van ovulatie-inductie met 

clomifeencitraat leidt alleen maar tot toegenomen belasting voor de patiënt 

en extra kosten, zonder een hogere kans op zwangerschap bij vrouwen met 

een positieve testuitslag. Wij raden aan testen die de doorgankelijkheid 

van de tuba bepalen, alleen te verrichten wanneer eerstelijnsbehandeling 

niet succesvol is in het bereiken van ovulatie of zwangerschap. Urinaire en 

recombinante gonadotrofines zijn vergelijkbaar in effectiviteit wanneer zij 

worden toegepast voor ovulatie-inductie. Daarmee wordt de gonadotrofine 

met de laagste kosten en de hoogste patiënt aanvaardbaarheid de 

gonadotrofine van eerste keuze. Wij stellen voor dat metformine kan worden 

toegevoegd aan ovulatie-inductie met gonadotrofines, omdat dit leidt tot een 

hoger aantal klinische zwangerschappen en een niet-significante toename van 

het percentage doorgaande zwangerschappen, maar meer studies zijn nodig 

om dit met zekerheid te kunnen stellen. Laparoscopische elektrocoagulatie 

moet de behandeling van eerste keus zijn voor vrouwen met clomifeencitraat-

resistente PCOS, omdat dit leidt tot meer levend geboren kinderen tegen 

lagere kosten per levend geboren kind in vergelijking tot ovulatie-inductie met 

gonadotrofines.

De toevoeging van metformine aan gonadotrofines voor ovulatie-inductie 

leidt tot een significante toename van het aantal klinische zwangerschappen. 

De kans op een doorgaande zwangerschap of levendgeboren kind was twee 

keer zo hoog wanneer metformine werd toegevoegd aan ovulatie inductie met 

gonadotrofines, maar een significant verschil kon niet worden aangetoond 

gezien het lage aantal geïncludeerde vrouwen. Slechts vier onderzoeken 

werden geïncludeerd in deze analyse, met een totaal van 154 vrouwen. Met 

een extra gerandomiseerde trial, waarvan de gegevens kunnen worden 

toegevoegd aan deze meta-analyse, zou het mogelijk moeten zijn om een 

statistisch significant verschil in aantal levendgeboren kinderen te kunnen 

beoordelen. Een andere vraag is of bij de primaire behandeling van PCOS 
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clomifeencitraat het middel van eerste keuze moet zijn, of dat metformine hier 

een rol zou kunnen spelen.

Laparoscopische elektrocoagulatie van de ovaria is de beste strategie 

bij vrouwen met clomifeencitraat-resistente anovulatie in termen van 

levend geboren kinderen en kosten. Elektrocoagulatie bij vrouwen 

met clomifeencitraat-resistente PCOS lijkt geen invloed te hebben op 

zwangerschapscomplicaties en/of metabole of cardiovasculaire ziekte later 

in het leven ten opzichte van ovulatie-inductie met gonadotrofines. Echter, 

deze gegevens zijn uitsluitend gebaseerd op vragenlijsten. De waarde van 

deze gegevens zou versterkt kunnen worden wanneer de bloeddruk, glucose 

en ovariële reserve door middel van ultrageluid en / of FSH / AMH waardes 

bepaald zou worden bij deze vrouwen. 

We weten niet na hoeveel ovulatoire cycli we moeten starten met 

tweedelijnsbehandelingen bij vrouwen die ovuleren met clomifeencitraat 

maar niet zwanger raken. De richtlijnen adviseren nu de behandeling met 

clomifeencitraat voor zes tot twaalf cycli te continueren. Het antwoord op deze 

vraag kan pas gegeven worden wanneer de gegevens uit de M-OVIN studie, 

beschreven in hoofdstuk 6,  beschikbaar zijn. 
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als in vele andere projecten. Na inclusies in de ALIFE studie kwam ik directer 

in aanraking met jou en het consortium. Gelukkig ben ik met een promotie 

onderzoek gestart, een beslissing waar ik geen moment spijt van heb. In 

Twente wist ik de inclusiecijfers omhoog te brengen. En wat waren we weer 

trots als in de MUIS vermeld werd dat het MST bij de top drie aan includerende 

centra van heel Nederland behoorde. Ik hoop dat ik heb laten zien dat we in 

Twente meer kunnen dan goed voetballen, maar dat laatste ben je vast niet 

helemaal met me eens. Wat heb ik ontzettend veel van je kunnen leren. Van jou 

energie en gedrevenheid. Zelfs tijdens nachtdiensten was het antwoord op de 

email zeer vlot. En ook altijd was er interesse in mij als persoon en begonnen 

de meeste gesprekken met: hoe is het met Marleen? Ik ben er trots op dat ik 

met jou heb mogen samenwerken. Toch nog even zwart op wit: ‘Een dag niet 

gerandomiseerd is een dag niet geleefd!’  Bedankt. Ik wens je een fijne tijd toe 

samen met jouw vrouw en dochter in Australië. Wellicht kom ik je nog eens 

opzoeken.  

Prof. dr. F. van der Veen, Beste Fulco, mijn aanvankelijke vrees voor jouw 

kritische commentaar heeft al snel plaats gemaakt voor grote waardering voor 

je waardevolle opmerkingen. Hoewel ik vaak op het punt heb gestaan om nu 

echt mijn laptop uit het raam te gooien als ik een artikel weer eens helemaal 

rood van je terugkreeg kwam gelukkig ook altijd snel het besef ik hier ook echt 

leerzame punten uit kon halen. De discussies daarna samen met jou waren 

dan ook altijd het meest leerzaam. Wat was het fijn als je meedacht bij het 
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voor de zoveelste keer herschrijven van het review omtrent het oriënterend 

fertiliteitsonderzoek bij vrouwen met het polycysteus ovarium syndroom. Wat 

hebben we dit artikel vervloekt, maar wat is het toch weer een goed resultaat 

geworden. Dit gaat vast ook weer gebeuren met de Pr-OVIN studie. Beste 

Fulco, dank voor de leerzame jaren. Ik hoop dat er nog geen einde komt aan de 

samenwerking met jou na het sluiten van dit boekje.   

Dr. G.J.E. Oosterhuis, beste Jur, jij verdient een bijzondere vermelding. Zonder 

jou steun had ik dit allemaal nooit bereikt. Je bent een opleider in hart en 

nier(en). Wat stond je in Enschede altijd klaar voor jouw AIOS. Maar ook was er 

zeker niet minder aandacht voor de ANIOS. Wat heb je met mij gestreden voor 

een opleidingsplek. Hoe blij waren we samen toen ik mijn MRCOG examen had 

gehaald en toen eindelijk die felbegeerde opleidingsplek kwam. Dank voor je 

inzet en je kritische blik op mijn artikelen. Tijdens onze etentjes heb ik altijd het 

gevoel dat ik je gisteren voor het laatst heb gezien, terwijl er soms echt veel te 

lang geleden is.  We moeten dus snel weer eens samen gaan eten. Helaas geen 

co-promotor. Deze titel had je zeker verdiend. 

Dr. P.G.A. Hompes, beste Peter, wat fijn dat er iemand in het team zit die beseft 

dat mijn dag echt maar 24 uur heeft en geen 42. Dank voor je scherpe mening en 

felle discussies, maar daarnaast ook het altijd aanwezige relativeringsvermogen. 

Zeker ook dank voor alle gesprekken over allerhande onderwerpen.  Door jou 

werd ik echt in het VUmc  geïntroduceerd. Een ziekenhuis waar ik me vanaf dag 

1 op mijn plek heb gevoeld.   We hoeven elkaar nog niet te missen, ik kom nog 

terug.

Dr. M. van Wely, Beste Madelon, wat was jij onmisbaar in het team. Gelukkig nog 

een vrouw binnen het team, want al die mannen in een team zijn we natuurlijk 

niet meer gewend binnen de gynaecologie. Maar gelukkig was jij ook nog in 

staat om mij iets bij te brengen van de grote boze buitenwereld die statistiek 

heet. Maar ook altijd was er een luisterend oor.  Bedankt voor jou expertise, 

empathie, enthousiasme en kritische blik. 

Leden van de leescommissie: Prof. dr. A.H. Balen, Prof. dr. B.C.J.M. Fauser, Prof. 

dr. C.J.E. de Groot, Prof. dr. J.S.E. Laven, Prof. dr. C.B. Lambalk, Dr. R. Schats, 

hartelijk dank voor uw deelname en het kritisch doorlezen van dit manuscript. 
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With special thanks to prof. dr. A.H. Balen, I am honoured that you are present 

as one of the opponents during my dissertation. 

Zonder het consortium was de M-OVIN en de Pr-OVIN studie niet van de 

grond gekomen. Ik voel mij ontzettend vereerd dat ik in zo’n mooi team heb 

mogen werken. Alle gynaecologen, arts assistenten, en research medewerkers, 

dank voor al jullie inzet. Jullie zijn geweldig. Hieronder een overzicht van de 

betrokken clusters.

Cluster Amsterdam: Academisch Medisch Centrum Amsterdam - VU Medisch 

Centrum Amsterdam - Onze Lieve Vrouwe Gasthuis Amsterdam - Zaans 

Medisch Centrum Zaandam - Kennemer Gasthuis Haarlem - Spaarne Ziekenhuis 

Hoofddorp – Tergooiziekenhuis Hilversum - Waterlandziekenhuis Purmerend 

- Medisch Centrum Alkmaar - Sint Lucas Andreas Ziekenhuis Amsterdam - 

Flevoziekenhuis Almere - Rode Kruis Ziekenhuis Beverwijk Cluster Utrecht: 

Universitair Medisch Centrum Utrecht -St. Antonius Ziekenhuis Nieuwegein 

- Meander Medisch Centrum Amersfoort - Gelre Ziekenhuizen Apeldoorn - 

Diakonessenhuis Utrecht Cluster Brabant: Twee Steden Ziekenhuis Tilburg 

- Maxima Medisch Centrum Veldhoven - 0St. Elisabeth Ziekenhuis Tilburg - 

Jeroen Bosch Ziekenhuis Den Bosch - Elkerliek Ziekenhuis Helmond - Amphia 

Ziekenhuis Breda  Cluster Limburg: Maastricht Universitair Medisch Centrum 

- Atrium Medisch Centrum Heerlen - VieCurie Ziekenhuis Venlo -Laurentius 

Ziekenhuis Roermond Cluster Noord Nederland: Universitair Medisch 

Centrum Groningen - Martini Ziekenhuis Groningen -Scheper Ziekenhuis 

Emmen -Antonius Ziekenhuis Sneek -Medisch Centrum Leeuwarden- 

Wilhelmina Ziekenhuis Assen - Bethesda Ziekenhuis Hoogeveen Cluster 

Leiden: Leids Universitair Medisch Centrum - Diaconessenhuis Leiden - Groene 

Hart Ziekenhuis Cluster Rotterdam: Erasmus Medisch Centrum Rotterdam, 

Albert Schweitzer Ziekenhuis, IJsselland Ziekenhuis Cappelle Cluster Oost 

Nederland: Medisch Spectrum Twente Enschede, Fertiliteitskliniek Twente 

Cluster Nijmegen: UMC St Radboud, Canisius-Wilhelmina Ziekenhuis Nijmegen 

Cluster Zwolle: Isala Klinieken

Zonder iemand tekort te willen doen wil ik toch enkele mensen in het bijzonder 

bedanken. Tessa de Vries, wat een werk heb jij verzet in het AMC voor zowel 

de M-OVIN als de Pr-OVIN studie. Dank. Tevens wil ik de gynaecologen Eugenie 

Kaaijk, Harold Verhoeve en fertiliteitsarts Paul Flierman uit het OLVG bedanken 
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voor jullie belangeloze harde werk voor zowel de Pr-OVIN als de M-OVIN studie. 

Nienke Weiss, dank voor het enthousiasme waarmee je de M-OVIN studie van 

me over hebt genomen. Maar ik zal ‘mijn kindje’ nooit helemaal los kunnen laten. 

Mijn speciale dank gaat uit naar dr. N. Bayram. Beste Neriman, 10 jaar na inclusie 

is je prettige persoonlijkheid nog af te leiden uit de reacties van de mensen 

die jij geïncludeerd hebt in de LEO studie. Door je nauwe betrokkenheid bij 

je patiënten hebben we een hoog follow-up percentage na 10 jaar kunnen 

bereiken. Ook mij wist je op de juiste momenten ook altijd weer van prettige 

positieve reacties te voorzien. Dank voor het gebruiken van je data. We gaan 

door hè!

De co-auteurs wil ik bedanken voor de bijdrage en de kritische blik op de 

inhoud van de publicaties. Speciale dank ook voor Eefje en Minke. Wat is het 

fijn om samen te kunnen werken met goede en gemotiveerde collega’s. Jullie 

hebben iets moois gemaakt van de wetenschappelijke stage. Dank voor de 

fijne samenwerking. 

Dank aan alle gynaecologen, arts assistenten, verpleegkundigen, secretaresses, 

echoscopistes, OK-medewerkers van het MST te Enschede. Jullie hebben mij 

voor het eerst laten ervaren hoe prachtig dit vak is. Eerst als keuze co-assistent, 

later als ANIOS. Zelfs het meubilair werd ingeruild en ik mocht nog blijven. Bij 

de start van mijn opleiding heb ik het prachtige Twente verlaten, maar ik denk 

nog vaak terug aan de fantastische tijd die ik daar heb gehad. Jullie zijn een 

goed, lief, warm en professioneel team. 

Alle mede-onderzoekers van het VUmc en het AMC wil ik bedanken voor 

hun prettige samenwerking. In de twee dagen per week dat ik er was, was 

het heerlijk om tips en tricks uit te kunnen wisselen. Maar naast de leerzame 

momenten was er ook de niet te missen gezelligheid.  Speciaal wil ik mijn 

kamergenootjes Remi, Noor, Lobke en Marjet bedanken voor de fijne tijd.

Gynaecologen, verloskundigen, arts assistenten en verpleegkundigen van 

het Kennemer Gasthuis, wat een fijne plek waar ik vanaf 2013 ben gekomen. 

Het voelt gelijk als een warm bad. Gelukkig blijf ik nog even. Dank voor jullie 

support bij de afronding van mijn boekje.  
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Mijn paranimfen Leonie Kuipers en Esther Leushuis. Leonie, vriendin voor alles 

en altijd. We leerden elkaar kennen op de middelbare school en al snel ontstond 

er een vriendschap die voor altijd is. Wat hebben we een fijne studententijd 

samen gehad in Nijmegen.  De afstand in kilometers is nu wat groter, maar 

dat maakt niet uit, want onze basis is voor altijd. Wie zou er op deze dag nu 

anders naast mij moeten staan. Esther, wat heerlijk om een onderzoeksmaatje 

in het AMC en VUmc te hebben. Wat was het gezellig , samen in Atlanta. Wat 

ontzettend fijn dat we nu beide ons boekje hebben afgerond. Je zit nu lekker 

op je plek en ik weet zeker dat je straks een ontzettend goede huisarts wordt. 

En ook nog één met een dr. titel voor je naam, die voor jou ook meer als voor 

ieder ander voor doorzetter staat. Ik ga je missen als collega, maar zeker niet 

als vriendin.   

Lieve familie, vrienden en vriendinnen, jullie zijn onmisbaar. Veel dank voor de 

leuke momenten, die geloof ik de afgelopen periode wel eens te schaars waren. 

We kunnen nu weer wat meer spontane dingen plannen en daar mogen jullie 

me aan houden! Een paar van jullie wil ik speciaal noemen.  

Herbert, een goed begin is het halve werk. Dat ging geloof ik niet helemaal 

op voor ons, maar dat hebben we goed gemaakt. Ondertussen ben je een 

echte vriend om op te bouwen. Zorg dat je er altijd bent voor Leonie en Emma. 

Rick en Loes, wij bewijzen maar dat afstand geen probleem is bij een goede 

vriendschap.  Roel en Kirsten, naast een verre vriend is ook een goede buur 

onmisbaar. Veel dank dat jullie altijd voor ons klaarstaan en de verhuizing naar 

het westen een stuk makkelijker hebben gemaakt voor ons.  Tanja en Melvin, 

we hebben wel weer eens zin in zo’n gezellig weekendje weg. Renske, Heidy, 

Luan, Tonnie, wat stom dat we allemaal in een andere uithoek zijn gaan wonen, 

maar wat fijn dat onze uitstapjes altijd zo fantastisch zijn. Hopelijk lukt ons het 

nu wat vaker om ‘spontaan’ een date te plannen. Misschien een uitstapje naar 

New York?  Sandra, Michael, Ellen en Thijs, het laatste uitstapje is natuurlijk veel 

te lang geleden. Tot snel. Linda, Ila, Wendy en Mathijs, wat geweldig met onze 

dames samen. 

Lieve schoonfamilie: Tonny, Marja, Crystel en Richard. Veel dank dat jullie me zo 

warm en liefdevol in de familie hebben opgenomen. Vanaf dag één voelde ik 

me direct thuis bij jullie. Tonny en Marja, wat staan jullie toch altijd lekker klaar 

voor jullie drie dames, TOP.  Lieve Annemarijn en Lisanne, komen jullie weer 
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snel een keertje bij ons logeren, dan gaan we met de cabrio naar de P.C. Hooft, 

lekker shoppen. 

Lieve pa en ma, hoe kan ik jullie ooit bedanken voor jullie onvoorwaardelijke 

steun, liefde en geloof in mij. Jullie zijn er altijd voor me ondanks dat ik naar 

de andere kant van het land vetrokken ben en jullie soms geen idee hebben 

wat jullie kleine meid nu weer aan het doen is. Dank dat jullie er altijd voor me 

waren om mijn doel na te streven. Zonder jullie inzet was dit een onmogelijke 

opgave geweest. Wat ben ik er trots op als ik jullie nu zo zie genieten van 

Jasmijn. Ik hou van jullie.  

Lieve broer, Ronald, wat fijn dat er iemand is die zelfs midden in de nacht weet 

te voorkomen dat ik mijn laptop uit het raam gooi. Dank voor je nuchterheid. 

Wat heerlijk dat je zo van Jasmijn geniet. Wat dacht je van weer eens een all-

inclusive met onbeperkt genieten?   

Mijn lieve Erik. Tja wat kan ik tegen jou zeggen. Tegen mijn liefste, mijn 

allerbeste maatje, mijn alles. Zonder jou was dit fantastische boekje er nooit 

gekomen. Wat hebben wij het heerlijk samen en ik ben trots op wat we 

samen bereiken.  Met jou baal ik dat de dag niet gewoon toch 42 uur heeft. 

We zijn allebei nogal een bezige bij, maar genieten van iedere stap. Wij weten 

elkaar goed te motiveren, maar ook af te remmen op de juiste momenten. 

Jouw relativeringsvermogen laat me inzien dat het leven echt perfect is. We 

hebben beide een fantastische baan en jij behaalde tussendoor nog even een 

postdoctorale RC titel op Nyenrode. We zijn verhuisd naar een fijn huis aan de 

andere kant van het land, wat echt ons plekje is geworden. Al snel kregen we 

het mooiste wat je elkaar kunt schenken, een prachtige dochter. Jullie zijn echt 

alles wat ik nodig heb. Laten we weer eens een hele lange en fijne reis plannen.

Jasmijn, mijn lieve, slimme, mooie kleine meid. Nu pas weet ik echt hoe 

bijzonder het is om een gelukkig en gezond kind te hebben. En jij bent ook 

nog eens de liefste en mooiste van allemaal. Jouw schaterlach maakt mij de 

gelukkigste van de hele wereld en jij geeft echt de allerliefste knuffels van de 

hele wereld. Schattie, wat hou ik toch ontzettend veel van jou. Mama is trots op 

jou.  Ik kan niet wachten tot jouw broertje of zusje er is.  
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